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ABSTRACT 

This  document  contains  prepared  remarks  and  testimony 
of  the  hearings  before  the  sulacoaolttee  on  science,  research  and 
technology  regsu-ding  the  oversight  of  the  National  Science  Foundation 
(NSF)  particularly  the  status  ot  science  education  in  the  United 
States.  The  document  includes  the  testiawny  and  prepared  statements 
of:  (1)  Hon.  snerwood  Boehlert  (Republican-New  York);  (2)  Hon-  Doug 
Walgren  (Democrat-PennsylTramia) ;  (3)  Dr.  Ernest  L.  Boyer  (Camegie 
Foundation);  (4)  Ms.  Betty  castor  (Florida  CMnaissloner  of 
Education);  (5)  Is.  Dorothy  J.  Shao  (executive  editor  of  Science, 
Silver  Burdett  s  Ginn);  (6)  Hr.  Ronald  H.  Halone  (president, 
KendaU/Hunt) ;  (7)  Dr.  Jerry  A.  Bell  (professor,  Simmons  College); 

(8)  Ks.  Marjorie  G.  Bardeen  (program  director.  Friends  of  FensHeOj); 

(9)  Dr.  Paul  Sal^ynan  (professor,  University  of  Calif omia-San  Diego); 

(10)  Hr.  Lorlng  Coes  III  (mathematics  chairman,  Rodcy  mil  School, 
Connecticut);  (11)  Ms.  JoAnn  Hosier  (teacher,  Fairdale,  Kentucky); 
(12)  KS.  Kathryn  Karanen  (teacher,  McLean,  Virginia);  (13)  Dr. 
Richard  c.  University  of  California-San  Diego);  Atkinson  (president, 
American  Association  for  the  Advancement  of  Science) ?  (14)  Professor 
Lynn  Arthur  Steen  (chairman.  Council  of  Scientific  society 
Presidents);  (IS)  Dr.  Thomas  F.  Malone  president,  Sigma  XI);  (16)  Dr- 
Herisert  A.  Simon  (professor,  Carnegie  Mellon);  (17)  Mr.  Charles  L. 
Schultae  (director,  econonic  studies  program,  Brookings  Institution)? 
(18)  Mr.  WiiHaa  Gorhan  (president,  the  Urfian  Institute);  (19)  Dr. 
Arthur  B.  c.  walker  Jr.  (Oiairman,  NSF  Advisor  committee  for 
Astronomical  Sciences);  (2o)  Or.  Paul  A.  Vanden  Bout  (director. 
National  Radio  AstronoiOr  Observatory);  (21)  Dr.  Sidney  c.  Wolff 
(director.  National  Optical  Astronomy  Observatories) ;  (22)  Dr.  Tor 
Hagfors  (director.  National  Astronomy  and  ionosphere  center);  (23) 
Mr.  Rol»rt  W.  Craig  (president,  the  Keystone  Center) ;  (24)  Mr.  Bruce 
S.  Manheiffl  Jr.  (Environmental  Defense  Fund);  (25)  Mr.  Erich  Bloch 
(director,  NSF);  (26)  Dr.  James  L.  Powell  (National  Science  Board); 
and  (27)  Dr.  John  Moore  (deputy  director,  NSF) .  Additional  statements 
and  requested  reports  from  the  NSF  are  included  in  the  appendices. 
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OVERSIGHT  OP  THE  NATIONAL  SCIENCE 
FOUNDATION 


THURSDAY^  MARCH  8,  im 

U.S,  House  or  RKPHEsran-ATivBs, 
CkmjtfrmoE  on  Sciekce^  Space,  and  Tbchnology, 
SvBOOUMnrEE  on  Science,  Reskarch  and  Tbchnooxjy, 

Washington,  DC 

the  subcommittee  met  at  9:45  a*m*,  in  room  2318,  Rayburn 
House  OffSee  Building,  Hon.  Doug  Walgren,  chairman  of  the  sub- 
conmiittee,  presidiiig. 

Present:  Kepresentatives  Walgrpn,  Brown,  Boehlert,  Slaughter, 
Cami^ll,  Sdweider,  Heni^,  Johnstonp  SkagipgK  Nagle,  and  Morella. 

Mr.  Brown  [presiding].  Thd  subcommittee  will  omie  to  order 

ThB  Chairman  has  been  temporarily  detained,  and  I  have  been 
asked  to  start  tihe  meeting^  which  I  am  more  than  happy  to  do,  and 
the  Chairman  iias  an  opening  ^^atement  which  I  will  wait  until  he 
gets  here  for  him  to  deliver  in  s  own  inimitable  style,  and  then  I 
will  recc^ni^e  our  Ranking  Republican  Member,  Mr*  Boehlert,  for 
his  opening  statement. 

Mr.  BoEHLKHT.  Thank  you,  Mr.  Chairman. 

Ot  all  ihei  tc^iics  we  will  discuss  this  year,  ncme  is  as  important^ 
none  Is  of  ^reat^  c«Micaii  to  the  general  public  than  the  one  in 
which  we  will  engage  this  morning,  and  for  good  reason. 

Our  public  schod  system  functicms  like  the  canary  in  the  coal 
mine,  alerting  us  to  grave  dangers  that  tibreatad  <mr  eomomy  and 
our  sockity. 

We  have  convened  this  morning  to  diagnoee  and  develop  curra 
for  one  very  sick  canaiy.  The  sources  of  that  illneffl  are  numerous, 
imt  I  believe  that  more  than  anything  else  the  cananr  has  been 
choking  from  the  atrophying  of  America's  teaching  profession*  The 
fiature  suix^ess  or  failure  of  America's  sdiools  will  Be  determined  in 
laige  part  by  the  quality  of  their  teachers. 

After  all,  when  each  of  us  looks  h&ck  on  our  own  schooling,  we 
leaHw  it  is  the  <mtstanding  teachers  tlu.t  matte  the  diflimsmre,  not 
(mtstanding  teadhooks  or  equipment  or  compute.  Good  teadi- 
era  hsve  a  chance  €^  triumi^img  ofv&r  evea  the  worst  conditions. 
Bed  teachers  can  fail  even  in  the  kindest,  gentl^t  environment 

But  where  are  the  teachers  of  the  future? 

We  can  no  longer  <fe{>end  cm  a  once  relicd^le  smirce,  wcmien  who 
had  no  other  opporbmities  <^n  to  tiiem. 

TUm  i^tisUcs  paint  a  dire  picture.  Students  declaring  an  interest 
in  teadblng  are  amox^  the  lowest  scorers  on  SAT  exan».  SchcKils 
are  finding  it  difficult  to  fill  math  and  science  tradhing  positiona 
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Increasiiigly.  high  school  math  and  science  courses  are  taught  by 
teachers  with  little  or  no  training  in  these  fields,  and  the  situation 
is  worse  at  the  elementary  level. 

In  New  York  City,  for  example,  one  in  every  three  science  teach- 
ers is  teaching  without  a  specialized  license.  People  used  to  joke 
that  those  who  can't  do  teach,  but  we  are  in  real  trouble  v/hen 
those  who  can't  teach  teach  or,  still  worse,  when  those  who  can  t 
l«am  teach.  ^ 

Yesterday  I  introduced  a  bill  to  attract  more  top  students  mto 
this  critical  profession.  The  bill  would  offer  federal  scholarships  of 
17,500  to  college  juniors  and  seniors  majoring  in  science,  math  or 
engineering  if  they  agreed  to  teach  two  years  for  each  year  they 
received  the  aid. 

This  is  the  type  of  action  we  need  if  we  are  to  reverse  the  steady 
deterioration  of  our  schools.  We  have  sat  back  too  long  as  the  evi- 
dence of  a  crisis  has  mounted. 

It  seems  at  times  that  we  almost  took  a  perverse  pleasure  m  the 
issuance  of  each  new  report  documenting  our  demise,  reveling  in 
its  familiarity.  We  have  spent  too  much  time,  in  the  words  of  one 
critic  "amusing  ourselves  to  death." 

Rather  than  being  daunted  by  the  overwhelming  nature  of  our 
task,  we  n«!d  to  be  inspired  by  the  optimism  and  idealism  of  an- 
other time  of  educational  challenge. 

John  Kennedy's  words  should  propel  us.  "All  this  will  not  be  fin- 
ished in  the  first  100  days,  nor  will  it  be  finished  in  the  first  1,000 
d^  but  lat  us  begin." 

Our  distinguished  witneraes  today,  specially  the  teachers,  will 
help  us  decide  how  to  make  that  b^inning,  but  we  must  act. 

Mr.  Chairman,  Thomas  Jefferson  once  wrote  that  the  problem  of 
slavery  awakened  him  like  a  fire  bell  in  the  night 

Well,  education  is  the  central  question  of  our  day  just  as  slavery 
was  in  Jefferson's,  the  issue  that  will  determine  the  future  struc- 
ture of  our  society  and  the  health  of  our  economy. 

Too  many  Americans  deckied  to  deep  through  the  alarm  that 
Jefferson  heard  so  crisply,  and  we  are  still  paying  the  price. 

If  we  fail  to  respond  to  the  growing  alarm  about  our  public 
schools,  the  effect  will  be  equally  devastating. 

I  want  to  thank  you,  Mr.  Chairman,  and  I  also  would  like  to  ex- 
plain that  because  of  my  deep  personal  interest  in  the  matter 
before  us  today  I  would  like  to  spend  every  Mngle  second  of  every 
minute  of  everr  hour  in  this  hearing,  but  shortiy  anotlwr  commit- 
tee  upon  which  I  serve  will  be  ccnning  to  grips  with  caisis  l^isla- 
tion  ^Ung  witti  the  Eastern  Airlines  strike,  and  «>  I  will  have  to 
exci^  myself  shortly,  but  1  will  be  back  as  often  and  for  as  long  as 
I  can. 

Hiank  you. 

[The  prepared  opening  statement  of  Mr.  Boehlert  follows:] 
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ffiM.  SRCRMOOO  BOBSLSIIT  (R-NY) 
OPCNZNG  STATEHEMT 
SCIENCE  EIHICATZOH  BBARXNG 
n«rch  9«  19S9 

Hr.  Chaitaian: 

Of  all  the  topics  vr  will  discuss  this  year,  none  is  as 
ioportant.  none  is  of  grt-atei  concern  to  the  general  public 
than  the  one  which  will  engage  us  this  morning.     And  for  good 
reason,     our  public  school  system  functions  like  the  "canary 
in  the  coal  mine."  alerting  us  to  grave  dangers  that  threaten 
our  economy  and  our  society. 

We  have  convened  this  worning  to  diagnose  and  develop 
cures  for  one  very  sick  canary.     The  sources  of  that  illness 
•re  numerous,  but  1  believe  that  more  than  anything  els.,  the 
canary  has  b-en  choking  itom  the  atrophying  of  America's 
teaching  profession. 

The  future  success  or  failure  of  America's  schools  w< ' 1 
be  determined  in  large  part  by  the  quality  of  their  teachers. 
After  all.  when  each  of  us  looks  back  on  our  own  schooling, 
we  realise  it's  the  outstanding  teachers  that  made  the 
difference        not  outstanding  textbooks  or  lab  equipment  or 
computers.     Goo-i  teachers  have  a  chance  of  triumphing  over 
even  the  worst  conditions;  bad  teachers  can  fail  even  in  the 
kindest,  gentlest  environment. 

But  where  ate  the  good  teachers  of  the  future?  He  can 
no  longer  depend  on  a  once- reliable  source  -  women  who  had 
no  other  opportunities  open  to  them. 

The  statistics  paint  a  dire  picture,     students  declaring 
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an  Interest  In  t«acKinc|  ac«  among  the  lowest  scoreca  on  SAT 
exaas.     Schools  are  finding  it  diCficult  to  till  math  and 
science  teaching  positions,     increasingly,  high  school  math 
and  science  courses  ace  caught  by  teachers  with  little  or  no 
training  in  those  fieUlfi,  and  the  situation  is  worse  at  the 
elementary  level.     In  New  Votk  city,  for  example,  one  in 
every  three  science  teachers  is  teaching  without  a 
specialized  license , 

People  used  to  joke  that  ^'those  who  can't  do,  teach," 
But  we're  in  real  trouble  when  those  who  can't  teach,  teach. 
Or  still  worse,  when  those  who  can't  learn,  teach* 

yesterday,  I  introduced  a  bill  designed  to  attract  more 
top  students  into  thia  criticil  profession*     The  bill  would 
offer  federal  scholarships  of  S7,500  to  college  juniors  and 
seniors  majoring  in  science,  math  or  engineering  if  they 
agreed  to  teach  two  years  for  each  year  they  received  the 
aid. 

This  is  the  type  of  action  we  need  if  we  are  to  reverse 
the  steady  deterioration  of  our  schools.     We  have  sat  back 
too  long  as  the    vidence  of  a  crisis  has  mounted.     It  seems 
at  time  that  we  almost  take  a  perverse  pleasure  in  tha 
issuance  of  each  new  report  documenting  our  demise,  reveling 
in  its  familiarity.    We  have  spent  too  much  time,  in  the 
words  of  one  critic,  '^amusing  ourselves  to  death*" 

Rather  than  being  daunted  by  the  overwhelming  nature  of 
our  task,  we  need  to  foe  inspired  by  the  optimism  and  idealism 
of  another  time  of  educational  challenge,    John  icennedy's 
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wrd.  ahould  ptcpel  us;     -Ml  this  wlU  not  be  finished  in 
the  fltet  one  hundred  days.    Not  will  it  be  finished  in  the 
first  one  thousand  days.... But  let  us  begin." 

our  distinguishc.   witnesses  today,  especially  the 
teachers,  will  help  us  decide  how  to  make  that  beginning. 
But  we  Bust  act. 

nr.  Chairnan.  Thonas  Jefferson  once  wrote  that  the 
pcoblen  of  slavery  awakened  him  "like  a  fice  bell  in  the 
night.-    well,  education  is  th«  c«ntval  question  of  out  day 
just  as  slavery  was  in  Jefferson's  —  the  issue  that  will 
determine  the  future  structure  of  our  society  and  the  health 
of  our  econony. 

TOO  .any  Americans  decided  to  sleep  through  the  alar* 
that  Jefferson  heard  so  crisply.  «nd  we  are  still  paying  the 
price.    If  we  fail  to  respond  to  the  growing  alara  about  our 
public  schools,  the  effect  will  be  equally  devastating. 
Thank  you« 
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Mr.  Wausren  tpresiding).  Thank  you  very  much,  Mr.  Boehlert, 
and  we  certainly  understand. 

I  want  to  apologize  for  not  being  able  to  be  here  at  the  outset. 
The  traftic  is  terrible  in  this  city  and  very  unpredictable. 

But  you  know  I  want  to  encourage  you  in  every  way  in  your  in- 
terest in  science  education  along  with  all  the  other  members  in  any 
way  that  I  can,  and  I  look  forward  to  this  committee  reportii<g  out 
legislation  in  this  area  in  the  very  near  future,  and  it  will  be  in 
many  ways  because  of  the  very  personal  interest  that  you  and 
others  have  taken  in  this  area. 

Mr.  BoEHLEKT.  Thank  you,  Mr.  Chairman. 

Mr.  Waixsrkn.  So  we  look  forwerd  to  doing  this  together. 

Let  me  ask  unanimous  consent  that  my  statement  be  inserted  in 
the  record  at  this  point 

[The  complete  opening  sUttement  of  Mr.  Walgren  follows:] 
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OPBmC  STATeM&IT  OF  77C 
HemmABLBDOUC  WALGREN  (D-PA) 
ON 

OVERSIGHT  HEARm  ^  SCONCE  AND  MATHEMATKS  mJCATION 


M»rch  9,  tU9 


TtUS  MORmHG  WE  WttJ.  EXPLORE  WHAT  tS  POSSIBLY  THE  MOST 
SERIOUS  LOMC-TERM  PROBLEM  FACING  OUR  MATKJH  -  SCIENCE 
EDUCATION.  WE  WILL  FOCUS  ON  NATIONAL  SCIENCE  FOUNDATION 
PROGRAMS  DESI&^D  TO  IMPROVE  PRECOUEGE  SCIENCE  AND 
NUTtmHATICS  EDUCATION  AND  ON  RECENT  LEGISLATIVE  PROPOSALS 
FROM  TWO  OF  MY  COLLEAGUES  AND  MYSELF  F(m  UNDERGRADUATE 
SCHOLARSHIPS  IN  SCIENCE,  MATHEMATICS  AND  ENGINEERING. 


THE  CmSIS  IN  SCIENCE  EDUCATION  IS  DRIVEN  IH?ME  TO  US  m  AN 
UmEL^NTING  TORRENT  OF  BAD  NEWS: 


AMERICAN  FIFTH  GRADERS  FALL  FAR  BEWND  JAPAI^SE 
STUDENTS  IN  SCIENCE  AND  MATH  PROFICIENCY. 

AMERICAN  tS-YEAR  OLDS  SCCNUE  BEHm  SPAIN  Am  SOUTH 
KOREA  IN  STAWARDIZED  MATH  TESTS 

NEARLY  HALF  OF  AMERICAN  t7-YEAR  OLDS  CANIKJT  PEI^ORM 
MATH  PROBLEMS  mmMALLY  TAUGHT  IN  JUNIOR  HIGH 
SCHOOL 

STAMOAfUJIZED  TEST  SCORES  OF  AhmRICAN  ADVANCED 
PLAC&SENT  HHiH  SCHOOL  STUI^NTS  AR€  LAST  IN  A  17 
NATm  FIELD  IN  BIOLOGY  Aim  THIRD  FROM  LAST  IN 
CIKMirTRY. 


THESE  DISMAL  FINDimS  ARE  ESPECIAUY  DISTURBING  AT  A  TIME 
WHEN  WE  ARE  NOT  DOING  WELL  IN  THE  INTERNATIONAL  ECOWMtC 
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OHVM'ETtTiat  THAT  REQWReS  A  TECHHOLOOCALLY  UTBtATB 
WORKFORCE  AS  AM  ESSENTtAL  ELEMEMT.  MOR&IVER.  IF  TALEMTED 
STUOEMTS  ARE  HOT  TURHB)  OH  TO  SCIEHCE  AW  MATH  WHAE  HI 
aEH/mHTARY  AM  SECOIiVARY  SCHOOL.  WHAT  mPE  DO  WE  HAVE 
FOR  MAmTAUmC  THE  PIPELINE  OF  SCIENTISTS  AND  ENONE^S  THAT 
IS  mCESSARY  TO  SUSTAIN  AN  ADVANCED  UIOUSTRIUaED  NATION? 

THIS  MORNING,  WE  Wtt.L  EXPLOIE  THE  IMPACT  Aim  EFFECTIVENESS 
OF  NSF  PROCRAMS  FOR  THE  DEVELOPMENT  OF  NEW  PI^COLLEGE 
CURRICULAR  MATERIALS  FOR  SCIENCE  Am  MATHEMATKS 
INSTRUCTION,  AS  WELL  AS  NSF  EFFORTS  TO  ^PROVE  TEACHER 
SKALS  TmOUGH  IN-SERVICE  TEACHER  TRAINING  PRO&tAMS.  WE 
WM.L  HEAR  FROM  A  VARIETY  OF  EDUCATORS,  TEXTBOOK 
PUBLISHERS.  AND  SCIENTISTS.  MANY  OF  OUR  WITNESSES  HAVE  BEEN 
SUPPORTED  BY  NSF  TO  I^ELOP  Am  asTRiBUTE  NEW  TEACHING 
MATERIALS  OR  TO  IMPROVE  THE  SKH.LS  OF  PRACTKING  TEACHERS. 
ALSO.  WE  WU  HEAR  FROM  TEACHERS  WHO  HAVE  PARTICIPATED  IN 
NSF  PROGRAMS  Am  HAVE  USED  MATERIALS  (^KERATED  BY  NSF 
PRO-AMS. 

iUVOrNER  PURPOSE  OF  THIS  HEARm  IS  TO  OBTAW  Cm^lENTS  FROM 
INTERESTED  OtOUPS  ON  LEQSLATIVE  INITIATIVES  WHICH  WOULD 
REQUHtE  NSF  TO  ADMINISTER  UNXROtADUATE  SCIH^ARSHIP 
PROCRAMS.  THE  BaOAD  PURPOSE  OF  THE  PROPOSED  LECISLATK?N  IS 
TO  ATTRACT  MWE  STUDENTS   TO   CAREERS  IN  SCIENCE  Am 
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cwcxmeersk;  or  m  scsnce  Am  maw  tekhinc  c<mR£ssmAL 

SCHOLARSHm  WMX  RAISE  THE  PUBUC'S  ATTENTION  TO  THE 
IMPOflTANCE  OF  SCIENCE  TO  OUR  NATKHIAL  WELL  BEUtS  IN  AODITION 
TO  ENCCHmACMG  imjIVaHJALS  TO  PURSUE  CAREBiS  lA'  SCmNCE  WE 
LOOK  H3RWAR0  TO  THE  DISCUSSAJN  OF  THESE  EDUCATION 
mriATIVES. 

OUR  FIRST  WITNESS  IS  DR.  ERNEST  BOYER.  PRESIDENT  OF  THE 
CARNEGIE  FOmmATION  FOR  THE  ADVANCEMENT  OF  TEACHING.  OR. 
BOYER,  A  FtMiMER  U.S.  C0MMISSK3NER  OF  EDUCATION,  IS  A 
imTINGUISI'ED  EDUCATOR  WHO  WH.L  PROVIDE  US  WITH  AN 
OVERVIEW  Of  THE  CURRENT  STATE  OF  PRECOLIEGE  SCmNCE  AND 
MATmMATICS  CURRICULA  AND  ALSO  THE  TRAINING  NEEDS  OF 
SCIENCE  AND  MATH  TEACHERS. 

TO  OUR  PAH^  ON  CURRICULAR  MATERIALS  WE  WELCOME  MS  BETTY 
CASTOR,  THE  FLORIDA  COMMISSIONER  OF  EDUCATE;  IMt.  PATRICK 
OONACHY,  PRESKJENT  OF  THE  SCHOOL  GROUP  AT  SR.VER.  BURDETT 
AW  Cmi;  Atm  MR.  RONALD  MALONE.  PRESIDENT  OF  KENDALL /MNT 
PUBLISmC  COMPANY.  ACCOMPANIED  BY  LARRY  LOEPPKE.  ASSISTANT 
VICE  PRESmEMT  AT  KENDALL/HUNT. 

TO  OUR  PANEL  ON  IN-SERVICE  TEACHER  TRAINING  WE  WELCOME  DR. 
JERRY  BELL,  PROFESSOR  OF  CHEMISTRY  AT  SIMMONS  COUE(^,  MS. 
MARJOHE  BARDEEN.  PROGRAM  DIRECTOR  FOR  FRIEWS  OF  FERMILAB 
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AT  Ttm  FERM  MATIONAL  ACCELERATOR  LABORATORY;  AND  OR.  PAUL 
SALTMAM,  «Wf£SSW  <r  BIOLOGY  AT  THE  UNIVERSITY  OF 
CALIFORMIA  -  SAM  DIECO. 

TO  OVR  PANEL  OF  TEACHERS  WE  WELCOME  Mt.  LORING  C0E5,  Ul 
FROM  ROCKY  HHJ.  SCHOOL  IN  GREENWICH,  RHODE  ISLAND,  MS.  JOANN 
MOSIER  FROM  FAmOALE  HIGH  SCHOOL  IN  FAIRDALE.  KENTUCKY;  AND 
MRS.  JOYCE  KERANEN  FROM  COOPER  mERMEDIATE  SCHOOL  IN 
MCLEAN.  VmaNIA.  WE  CONOiATULATE  Afff.  COES  AND  MS.  MOSIER 
ON  THEIR  RECENT  PRESIDENTIAL  AWARDS  FOR  EXCELLENCE  IN 
MATHEMATICS  AND  SCIENCE  TEACHING. 

TO  OUR  FINM.  PANEL  ON  PROPOSED  LECISLATKJN  WE  WELCOME  DR. 
RICHARD  ATKOVSON,  PRESmENT  OF  THE  AMERICAN  ASSOCIATION  FOR 
THE  ADVANCEMENT  OF  SCIENCE;  PROFESS&i  LYNN  ARTHUR  STEEN, 
CHAIRMAN  OF  THE  COUNCIL  OF  SCIENTIFIC  SOCIETY  PRESIDENTS;  AND 
OR.  THOf  ^S  MALONE.  PRESIDENT  OF  SKMA  XI,  THE  SCIENTIFIC 
RESEARCH  SOCIETY. 
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Mr.  Wauqusn.  And  can  I  ask  if  there  are  other  members  who 
wtmld  like  to  make  opening  statements? 
Mr.  Slaughter 

Mr.  SiAUQETKR.  Mr.  Chairman,  I  would  like  to  make  a  brief 
statement 
Bfr<  Walgben.  Certainly. 

Mr.  SLAUGHtrau  Mr.  Qiairman,  I  have  intnxlucai  a  bill^  H*R 
1217,  that  a  number  of  peojrie  here  are  familiar  with,  so  I  will  not 
repeat  everything  that  I  hscve  in  my  statement 

First  cSf,  this  is  a  bill,  of  course,  to  promote  the  study  of  engi- 
neering, matl^matics  and  the  life  and  physicBl  sciences*  This  legis- 
lation provides  scholarships  for  the  most  academically  qualified, 
competitive  and  intemted  coU^  juniore.  In  addition  to  two  y^^urs 
of  undergraduate  support,  th^  scholafships  will  grant  two  years 
of  graduate  financial  assistance  to  t^ose  recipients  most  qualified 
to  pursue  ^ditional  post-graduate  studies* 

Spedfically,  my  legislation  will  provide  up  to  ${^000,  $10,000  in 
fiederal  funds  and  $5^000  in  matching  uni^^rsity  funds,  in  annual 
financial  asai^ance  to  1,5(K)  colli^  juniors  and  1,500  seniors, 
Scholars^p  recipic^ta  will  be  able  to  use  their  scholarships  tcwa|rd 
undergraduate  d^prees  in  engineering,  mathemati<s,  and  the  life 
and  phjrsical  sciences* 

Upon  graduation  from  an  cKxredit^  institution  of  higher  educa- 
tion, tihoee  students  wishing  to  continue  their  education  by  pursu- 
ing graduate  degrees  will  compete  for  one  of  the  900  scholairships 
available  to  first-year  grwiuate  students,  therdby  creating  a  bridge 
for  the  student  to  cross  betvira^  undergraduate  and  post-graduate 
study. 

In  return  for  this  scluilarship,  recipients  will  be  called  upon  to 
use  their  technolc^^ical  skills  and  knowle^  for  summer  and  post- 
graduate service  in  a  scienee,  mathematics  or  engineering^related 
caimcity  in  the  employ  of  the  United  States,  or  with  an  organic- 
tion  perfoming  service  for  the  United  States. 

Timn^  this  program  the  government  wmild  invest  in  the  aca- 
demic imrsuits  of  certain  able  students  by  providing  financial  in- 
centives for  them  to  continue  their  education  in  fields  that  are 
oritically  important  to  the  nation  in  return  for  this  service. 

I  cmnmend  the  Chairman  for  convening  this  oversight  hearing 
on  National  Science  Foundation  educational  programs  that  strive 
to  fill  the  techrolc^^ical  and  educational  gap  between  the  United 
Stat^  and  our  »>mpetitors.  I  am  pleai^  that  we  )mve  \*^re  us 
this  morning  a  dfetinguisl^  panel  of  experts  and  witnesses  to  dis- 
cuss the  progress  of  ex»t]jig  programs  under  the  auspices  of  the 
National  Science  Foundation,  as  well  as  provide  insight  regarding 
the  merits  of  legislative  propo^ds  currently  before  this  subonnmit- 
tee*  and  I  look  forward  to  hiring  from  them* 

Ihank  you,  Mr.  Chairman- 

rrhe  prepared  opening  stateme:?!  of  Mr.  Slaughter  follows:] 
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TrCMHflt*l<',tCAt   AUf  ^lA  ntIP    |H   LA^nF   P4f?T   Til  AH  PVf^  P-f*  tRE  A'^  IHn  <;Hn^TARF  Of 

Q«ALl^li:ft  ^cif:»iTi<;T<;,  •<*TMF»^AT!riA»««5  A«in  *:«»r,i«iF*^R«?»    Tm^  T»^ChHntnf;tr,At 

<(Hnl9TArfF    IS  PORIIti  A  THREAT   TO  THE  wrL.FARF   OF  IMF   AHf»tCAH  F.rwnnv  Ann  T<1 

otm  «iATirmAt  ^FfninTv  as  wf^tu-  ^  * 

^AP,  !    MAVF    IHTROntfCEn  TMF    ^ri*=Nr£,  WivTHFWATir*;   AHO  '^^lAffCH  TFCH!10tn*;it<5 

^iCH'M.Afti^HiP^  Act. 

Tn  FSOMOTI:  THF  ^T»I11V  OF  FH<; I "IF.*^  R I ,   ^ATHF^ATfCS,   imn  THF   tlF?  Ain 
PHV^ffAC   nCI€«ICE«^  THM  tFR  |  ?:t  AT  I  OH  l>^OV|n^^  StHOtAR^rtlP^  FOH  THF  «OST 
ACAJ>F«irALLV  OIIAttFIFn,   COHP^TfTm   AlfJ  |NTF<IE^Tr;1  cnttF^^F  JfmfOft^-  \H 

knmwm  to  two  ^ears  of  imnFRnwAmiATF  sifp?»aBT,  thf,sf  so4ntAi*fi«iFs  nill 

IfHAUT  Tlffl  VFAW<i  HF  r,RAmiATF  FIHANCIAt  A<if5 1  ST AUC?  TO  THO^F  HFr.|P|FHT<J  MO^T 
QMAUlFlEn  TO  PlIft^UF   AOniTimiAt  POfiT*G«AniI ATF  STHnjF^. 

^i»€r:iFif:Ati.r ,  mr  u^^rislat i«i  *ntt  pi*ovi»vf  mp  to  t  S  non  (^in^nnn  \n 
F^nFUAt  Ftwos  Ann  <S,nnn  m  i^atchhig  tmfvf ^<iiTt  Fimn?!)  in  ahhiiai  fiha«*cial 
Assi<$rA«icF  to  USnn  collfrf  j»min?j!;  Ann  i,W  sfsiops,  ScHotAHSHiP 

tCCfl^lFNTS  ¥Itl  Re  A«tF  TO  HSF  THFI»  RCHOt  ARSH  I  PS  TOWAI?n  «fHt^  W5RAWA1 F 

n^nftFF^  m  ^^si^iFFmni?,  wathf'^atics  ahh  th^  ti*^^  Ann  ph v^ical  scif^icf^s- 

Hpom  f^HADllAT  lOfi  F  ROH  AH  ACCREDITEn  H*ST|TMT1W  OF  «tr,HF.R  FOHCATIOfl,  THOSP 
RTIIWtMTS  W|nHI»«r,  TO  CfWT  THE  1 0  f  OltrATlOi   iV  PMRSUINA  QRAOMATF  nF.f;Rr;FS 

Witt  COHPfTF   F0«?  mt   OF  TM€  ^HO  SCHOt  AI^SH  J  P!J  AVARA^tF  TO  FIRST  VEA« 
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i;iiAmiATi:  STtif>6^Ts^  XH^np^y  c^ji^ATiir,  A  ii»inr,€  Fa«  rnr  sTnm?iiT  to  r»n<;^ 
RCci^iEivTs  cmitn  t^nt^  thh  schoiar^hip  foP  mt  unniTm^t         o*^  post 


CA»»*C|TV  m  THP  €'S*»LOr  OF  THE   llfllTeO  ^ATP.S  Oft  WITH  AH   0»GA«  1  ^AT 

PEitroiiHmG  SF.iivtces  Fn«  thp  MNiren  ^tatp^.  Tmms,  thiioh^h  this  pi?n<;<^A*i,  xnt 
navcimHC«iT  wnittn  ihvest  in  th€  ACAng^^ic  prfRsrifts  or  c^rtaih  n*HGHT  stuw^ts 
ny  pnny^llnfi  fi^iawcial  i»*cf«itive'5  fhr  thf^  to  ccwtnmc  TH^ti?  smicATinN  \n 

FlElD.^  THAT   AHf^   C8ITICALLV   MPOftTANT  TO  THE  «AT|fW    f«l  «J:Tt|»M   FOP  THIS 

»<AT!WAL  SciE^'ICe   ^OuNOAT  ICW  EmJC*TlONAL   P«lOr,l?A"^^  THAT  STRtVt   TO  FILL  THF 
* 

TeC«l«OtO<;!CAt   mo  FmiCATIO^Al   6AP  RPTW€fN  THr   ^NdfT^^  SrATE<5   ANn  OUP 
COf^fCTITHPS.     1    A»<  Pl,EAf?Hn  THAT         HAV6   REPOPF         TMI^  HOPf|f«ir,  A 
fllSTI«ir,MfSHCn  PAKCt  OF  E«PFRTS   ANO  Irf t Tflg S  Trt  OISCHSS  TH^    PPOfiRFS^*  f>F 
CJfl^Tmn  PRHGRAWf;  HHf^R  THF   AUSPICF*?   OF  THg  NATIfWAL  ^CIH«CF    Fo^^N  OAT  ICW  #  A«; 
M€tL  AS  PROVIHF,    IWSl^^HT   R€<;ARnifl<;  TMF   JfFRlT^  OF  LF'JISlATlVE  PROPO^IAL^ 
OtftRfHTlT  RFFORE   THIS  SH«COHM  J  TTFE  ^   AN  n  !    L00<  FORWAttO  TO  HfARlNfi  FROM  THE»^» 


In  imrilRff  FOR  one  OF  THESE  HtRIT  SCH0CAR?;H|P«?  ,  RHC|P|^««TS  Witt  RF 
CAUEO  tiPm  TO  US|f  TKWR  TfCHHOtORlCAt  SfRtS  AHH  lt1»0WUffRE  FOR  ?iimP^R  AMU 
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Mr.  Walorkn.  Thank  you,  Mr.  Slaughter. 

Are  there  other  members  who  would  hke  to  make  opening  oom- 

Mr.  GamiAiell. 

Mr.  Camfbbll.  Thank  you,  Mr.  Chairman. 

I  also  commend  you  for  holding  these  heanngs.  I  will  take  per- 
haps 20  seconds  only  to  say  that  I  would  be  ungrateful  as  well  as 
uncAnervant  if  I  did  not  note  that  in  my  own  personal  career  fund- 
ing from  the  National  Science  Foundation  helped  me  get  my  educa- 
tion and  helped  me  as  a  professor,  and  I  would  like  to  do  every- 
thing I  can  to  assist  that  continuatitm  of  that  program. 

Hiank  you. 

Mr.  Wauirbn.  Well,  we  look  forward  to  building  on  that  real 
world  experience. 

Our  first  witne^  is  Dr.  Ernest  Beyer,  the  President  of  the  Carne- 
gie Foundation  for  Uje  Advancement  of  Teaching. 

Dr.  B<^r  is  a  former  U.S.  Commifflioner  of  Education  and  a  dis- 
tinguished educator,  who  will  provide  us  with  an  overview  oi  the 
current  state  of  preooUege  science  and  math  curricula  and  also  the 
training  needs  of  «ienoe  and  mathematics  teachers,  and  while  Dr. 
Boyer  is  taking  his  place  at  the  table,  let  me  just  preview  the  other 
two  pancds. 

The  TOCond  panel  will  be  on  curriculum  materials.  It  will  include 
Betty  Castor,  the  Florida  Commissioner  of  Education;  Dorothy 
Shao,  the  Executive  Editor  at  Silver,  Burdett  and  Ginn,  one  of  the 
major  publishers  in  this  area;  Ronald  Malone,  the  President  of 
Kendall/Hunt  Publishing  Company,  who  will  be  accompanied  by 
Larry  Loeppke,  who  is  Assistant  Vice  President  at  that  organiza- 
tion. 

And  then  we  will  have  a  Muiel  on  in-service  teacher  training, 
which  will  include  Dr.  Jerry  Bell,  Professor  of  Chemistry  at  Sim- 
mons Cbll^  Marpne  Bardeen,  the  Progmm  Director  for  the 
Friends  of  Ftermilab  at  the  Fermi  National  Accelerator  Laboratory; 
and  Dr.  Paul  Saltman,  Professor  of  Biology  at  the  University  of 
Califomi»San  Di^gp.  .   .  j  .     t  • 

We  will  follow  &at  with  a  panel  of  teachers,  mduding  I^nng 
Goes,  from  Rocky  Hill  Schod  in  Greenwich,  Rhode  Island;  Jo  Ann 
Mosier  from  Fairdale  High  School  in  Fairdale,  Kentucky;  Joyce 
Keranen,  from  Cooper  Intermediate  School  in  Mc^^an,  Virginia, 
and  we  partfcularly  want  to  note  that  Mr.  Coes  and  Ma.  Mosier 
have  recently  receiwd  Presidential  Awards  for  Excellence  in  Math- 
ematics and  Science  Teaching. 

And  th«i  we  will  last  have  a  panel  commenting  on  a  number  of 
pieces  of  the  pitmoned  legislation  that  are  before  the  committee^ 
Dr.  mt^mtd  Atkmson,  President  of  the  American  Aasodaticm  for 
the  Advancement  of  Science;  Professor  Lynn  Arthur  Steen,  Cha^" 
man  of  the  Council  of  Scientific  Society  Presidents;  and  Dr. 
l^omas  Malone,  the  President  of  Sigma  Xi,  will  join  us  on  that 
panel. 

Well,  obviously,  it  is  a  full  day  and,  as  is  our  custom,  I  want  to 
say  at  the  outset  that  written  statements  wiU  be  reproduced  in  full 
in  tiie  manner  in  which  tlwse  proceedings  are  transcribed  and 
printed.  So  full  statements  will  be  there  for  those  who  work  with 
these  transcripts  without  fiirther  effort,  and  witneraee  can  feel  free 
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to  focus  on  points  that  they  would  like  to  highlight  by  tai^tin^ 
them  in  their  oral  pit^ntation  if  that  is  the  way  they  would  like 
to  ap{iraach  it 

We  net^d  to  keep  our  witneBS^,  *^viiHisly,  to  some  time  frame  be- 
tween five  and  10  minutes,  or  else  the  hearing  just  goes  on  forever, 
and  the  members  have  commitments  in  the  noon  hour  and  the  like. 
&  we  have  to  be  strict  with  that. 

So  with  asking  your  understanding  on  that  level,  I  want  to  ex- 
press our  appreciation  to  all  of  you  for  coming  and  helping  ub  in 
this  process,  and  I  recc^i^  you.  Dr.  Boyer,  for  your  testimony, 

STATEMENT  OF  DR.  ERNEST  U  BOYER,  PRESIDENT,  CARNEGIE 
rOUNDATION  FOR  THE  ADVANCEMENT  OF  TEACHING,  PRINCE^ 
TON,NJ 

Dr.  BoYER.  Thank  you  very  much,  Mr,  Chairman.  I  am  grateful 
for  the  opportunity  to  testify  before  this  distinguished  committee, 
and  I  also  commend  you  for  a^mbling  the  hearing  that  ymi  have 
done  on  a  topic  that  I  think  is  of  such  vital  importance  to  the 
nation. 

This  morning  I  have  been  asked  to  summarize  very  briefly  in  my 
fonnal  testimony  matters  relating  to  tlie  status  of  science  and 
mathematics  teaching  in  the  nation's  public  schools. 

The  harsh  truth  is  that  science  and  matibematics  education  in 
the  United  States  is  in  \mA  shape.  The  vex^ent  National  Academy  of 
Science  report,  called  "Everybody  Counts/*  reached  the  chilling 
conclusion  that  in  a  world  where  technological  literacy  is  absolute- 
ly crucial  the  ma^jority  of  our  students  do  not  have  the  mathemati- 
calpower  they  need  to  live  productive  lives. 

The  report  also  regaled  the  i^ocking  shortage  of  qualified  math- 
ematics teacherSf  the  point  to  just  h^xl,  and  in  fact  there  is  (nrpb- 
ably  a  greater  shcHiage  in  matmmatics  te^^ers  than  in  any  other 
jfield  and,  m  everyone  knows,  mathemiatics  is  the  fimdamental  tool 
for  fiKdem^  and  technology  later  on. 

The  recent  National  Assessment  Report  also  painted  a  picture 
that  was  very  Uaatk  when  the  math  profic^ipy  of  13-3^r^l«b  in 
the  United  States  were  compared.  Uteir  prcrflcienc^  was  compared 
with  students  in  five  other  countries  Almost  all  13-year-olds  could 
wid  and  subtract,  which  is  about  as  basic  as  ;^u  can  get;  however 
only  40  percent  could  do  two-€tep  prdblems  in  mathematics  and 
cmly  9  percent  could  understand  fundamental  mathematics  con- 
ceit Compare  that  to  40  percent    the  13-year-olds  in  Korea. 

At  this  {xiint  perhaps  mm^  good  news  is  in  order.  Last  year  at 
the  C^une«ie  Foundation  we  asked  2,000  fifth  gmAers  which  subject 
they  liked  best*  I  guess  I  have  to  tell  you  I  was  surprised  when 
mathematics  came  out  first. 

llus  suggests  to  me  that  the  proveriiial  "I  hate  math''  Sjmdrome 
is  not  something  that  students  actually  have  as  an  attitude.  It  is  in 
fact  soymething  that  th^  leara  in  school. 

In  science  the  picture  is  equally  disturbing.  The  Naticmal  Araeffl- 
mmt  Report  indicates  that  only  7  peroBnt  of  the  nation's  17-year- 
oliiB  have  knowledge  tliey  need  to  perform  in  collie  level  science, 
and  an  international  comparison  is  even  more  distressing.  At  grade 
5  UJS.  rtuitents  ranked  in  the  mkldle  in  geneml  science  knowledge 
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compared  to  14  other  countrira.  At  grade  9,  however,  they  ranked 
last. 

And  in  advance  bioic^  U^.  students  were  also  at  the  bottom. 

I  could  continue,  but  1  do  not  wish  to  engage  in  the  perverse 
practice  we  have  just  been  warned  about;  namely,  to  take  delight 
m  Ascribing  in  vivid  ctetail  the  nature  of  our  problem. 

I  do  wish  to  say,  however,  that  I  believe  this  strikes  at  the  heart 
of  the  intellectual  vitality  of  this  nation,  and  I  believe  it  is  time  for 
a  national  strategy  to  be  developed. 

I  believe,  for  example,  that  the  House  resolution  we  have  just 
heard  about  is  a  big  step  in  the  right  direction.  The  Congressional 
Scholarship  Pribram  you  propose  would  send  precisely  the  right 
signal  to  the  nation^  The  number  of  students  to  be  selected  in  ttiis 
program  is  of  course  very  small,  but  a&iin  the  signal  would  be  very 
clear,  and  I  would  hope  that  in  the  future  the  prc^ram  to  give 
scholarships  to  students  who  plan  to  go  into  teaching  could  be  ex- 
fmnded* 

Another  piew  <rf  legislation  pending  before  this  committee  would 
provide  scholarships  for  outstandii^  math  and  science  students 
during  the  last  two  years  of  coll^,  about  which  we  have  just 
heard.  In  return  the  student  would  work  in  a  science  or  engineer- 
ing capacity  for  the  government  for  several  years. 

In  my  opinion,  this  legislation  would  develop  more  scientific 
talent  at  the  top  while  energizing  great  benefits  for  the  nation,  too. 

In  my  conclusion,  then,  in  this  overview,  Mr,  Chairman,  I  should 
like  to  give  you  a  few  pr^udices  of  my  own  as  to  the  kind  of  strate- 

ff  we  need  in  response  to  the  crisis  that  we  have  just  defined,  and 
have  a  six-step  sug^astion  to  submit. 
First,  let  me  say  a  word  about  the  curriculum. 
The  hard  truth  is  that  with  all  the  talk  about  better  schools  we 
still  do  not  have  coherent  math  and  science  curriculum  for  the 
early  and  middle  ye^rs.  We  are  still  confused  about  what  all  stu- 
dents should  know  and  be  able  to  do  in  these  essential  fields. 

We  have  in  the  jmst  few  years  in  almcmt  every  state  been  includ- 
ing another  requirement  in  math  and  in  science,  another  Camc^e 
Unit,  a  term,  incidentally,  that  my  foundation  unhappily  created 
60  years  ago,  but  the  honest  fact  is  that  we  are  often  unclear  as  to 
what  we  mean  by  another  unit  in  ecience  or  mathematics.  So  stu- 
dents complete  the  credits,  but  there  is  no  assurance  that  they  ac- 
quire knowledge* 

Here  I  have  a  rather  brwh  proposal  to  suggest.  I  suggest  we  con- 
sider creating  a  kind  of  peacetime  Manhattan  project  on  school 
curriculum,  with  perhai:^  special  emphasis  on  science  and  mathe- 
maticst  a  program  that  would  bring  together  master  teachers  and 
research  scholars,  giving  them  time  off  to  think  with  some  continu- 
ity about  what  it  is  we  wish  to  be  teaching  and  what  the  sequence 
ctt  the  curriculum  should  be  beginning  in  the  early  years  where  the 
foundation  must  be  laid. 

The  aim  would  be  to  d^ign  an  appropriate  course  sequence  in 
math  and  science,  not  just  for  the  specialist  but  for  the  non-scien- 
tist as  well. 

Frankly,  Mr.  Chairman,  I  find  it  ironic  that  six  years  after  we 
ctecided  the  nation  was  at  risk  the  nation  still  has  not  adequately 
reaponded.  We  are  still  trying  to  figure  out  what  students  need  to 
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know,  and  I  believe  a  national  ^ort  in  this  r^rd,  funded  perhaps 
Uirough  the  NSF,  wmild  allow  m  perhaps  to  bring  together  both 
the  practitioner  and  the  theorist  to  begin  to  redc^Gi^  a  curriculum 
fracture  for  the  year  2000  and  beyond.  Simply  building  a  curricu- 
lum based  on  texUxx>ks  is  not  sufficient. 

Seocmd,  I  think  me  must  give  mme  dignity  and  more  status  to 
the  teacher  because,  as  we  have  just  he^  in  that  ^lendid  open- 
ing statement  by  Mr*  Boehlert,  we  can  have  excellence  in  educa- 
tion only  wh^  yfm  understand  that  we  need  excellence  in  teachin|^« 
and  until  we  get  the  brightest  and  the  best  to  enter  teaching,  until 
we  can  attract  those  who  rcmtinelv  go  into  medicine,  businew,  and 
law  to  come  into  the  cla^rooms  of  this  nation,  our  scorch  for  exceh 
lence  frankly  will  be  only  a  diversion.  It  cannot  be  dictated  from 
the  top.  It  cannot  be  legislated  from  on  high.  It  has  to  be  inspired 
in  the  classroom  by  thc^  who  know  their  subjects  and  can  convey 
it  inspirationally  to  tiieir  students* 

Now,  some  of  the  nation's  collc^  offer  scholarships,  full  ^holar- 
ships  to  mitstanding  high  school  students  to  agree  to  teach  after 
graauation.  I  think  more  coU^^ra  ^ould  follow  these  example, 
and,  incidentally,  I  think  we  might  give  spwial  incentive  to  those 
wl»  agree  to  tem;h  in  math  and  scien<^,  perhai^  giving  them 
summer  institutes  in  which  they  could  work  with  some  of  the  m<^ 
gifted  math  and  science  sdiolars  in  the  nation,  and  I  wonder  if  the 
tederal  government  might  not  have  a  special  matching  scholarship 
ftmd  that  would  be  available  to  those  coU^es  that  would  wish  to 
recruit  young  gifted  students  who  themselves  pledge  to  go  into 
teaching  after  graduation. 

After  all,  as  we  have  just  heard,  we  recruited  the  Peace  Corps 
young  people  to  be  in  service  o^rseaa  Why  not  inspire  young 
people  to  go  into  the  classrooms  here  in  the  United  States? 
to  me  is  the  challen^  in  tl^  decade  of  the 

This  leads  me  to  propositum  number  three. 

We  need  to  rearrange  the  curriculum.  We  need  to  attract  out- 
standing teachers.  But,  thirdi  I  think  we  need  programs  of  alterna- 
tive certification,  not  just  for  the  young  but  for  older  people,  too. 

I  am  convinced  that  we  should  attract  outstanding  math  and  sei- 
zes teachers  from  thc^  who  are  mid-carra^r  or  even  thcKse  who  are 
nmr  retirement.  This  is  a  huge  pool  of  talent  that  is  often  neglect* 
ed,  and  one  way  to  do  it  is  to  encour^^  states  to  develop  an  alter- 
native certification  which  allows  midk^reer  people  to  come  into 
the  classroom  without  going  into  a  traditional  teacher  training  pro- 
gtam* 

I  don't  have  to  remind  you  that  New  Jersey  hm  led  the  way  in 
this  regard,  and  I  think  tl^  rea)tid  shows  that  in  the  past  five  years 
th^  have  attracted  an  outstanding  pool  of  gifted  teachers  who, 
\xmed  on  all  the  data,  are  as  effective  and  even  more  so  as  those 
who  have  come  up  throu^  the  traditional  route. 

We  need  industry  and  businem,  then,  to  be  {mrtners  in  the  proc- 
esB,  and  I  think  we  <^  find  a  great  pool  of  outstanding  teachers 
through  alternative  certifk^ticoi* 

That  leads  me  to  issue  number  four. 

We  need  in-servi(^  training,  too,  b^use  in  the  end  it  is  the 
teachers  who  are  already  in  the  classroom  who  need  urgently  to  be 
inquired,  and  yet  the  truth  is  that  they  have  to  stay  in  those  clam* 
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rooms  year  after  year,  Uiey  are  not  intellectually  renewed,  and 
somehow  we  expect  them  to  keep  oving  out  >'ear  after  year. 

Three  deccuks  ago,  after  Sputnu^  President  EisenhoH^r  conclud- 
ed that  strengthening  math  and  6cien<^  teachers  already  in  the 
Khools  was  the  key  to  national  security,  and  he  secured  passage  of 
the  National  Defense  Education  Act,  a  program  which,  as  you 
know,  provider  summer  feUowshim  for  teachers. 

And,  frankly,  when  I  go  arounci  the  country  I  am  imprei^ed  that 
1  will  still,  30  years  later,  hear  a  teacher  tell  with  great  enthusiasm 
I  had  an  NDA  fellowship  and  it  changed  mv  life,  and  not  only  did 
they  get  inspired,  when  they  would  go  back  to  school  they  would 
inspire  others,  too. 

I  think  we  miscalculate  mightily  the  essential  need  of  ointinuing 
to  renew  the  teachers  who  meet  with  children  every  single  day. 

I  think,  therefore,  an  NDEA  type  pn^ram  today  should  be  rare- 
fully  considered  because  teachers  who  are  now  in  school  remain 
our  greatest  re^urce  for  improving  the  performance  of  our  stu- 
dents. Strengthening  their  skills,  in  my  judgment,  should  be  a  top 
priority,  especially  in  math  and  science. 

This  brings  me  to  prejudice  number  five. 

I  concur  entirely  that  great  teachers  can  overcome  eyen  bad 
equipment,  but  I  have  to  pause,  ^ipecially  in  math  and  science,  to 
talk  about  the  condition  of  ^ience  and  math  facilities  in  our  public 
schools. 

Two  years  ago  at  the  Carn^e  Foundation,  we  did  a  study  of 
urban  education.  We  went  into  dc^ens  of  high  schools  in  the  ten 
laigest  cities  in  this  country,  and  all  I  can  tell  you  is  that  the  sci- 
ence laboratories  in  most  high  schools  in  the  United  States  is  a  na- 
tional disgrace.  You  go  into  most  of  thc^  places,  you  will  find 
broken  test  tubes,  outdated  manuals,  Bunsen  burners  that  won't 
work. 

I  read  in  the  New  York  Times  the  man  who  is  trying  to  push  his 
video  prc^ram  in  the  school,  and  in  justifying  that  he  said  that  he 
was  in  some  schools  or  knew  of  schools  where  they  used  popcorn 
pomiers  as  Bunc^n  burners. 

It  is  almoet  laughable  for  us  to  talk  about  becoming  competitive 
technologicall:^  in  the  twenty-first  century  when  our  future  scien- 
tists are  working  in  the  conditions  that  we  provide  them.  I  believe 
that  we  not  only  have  to  inspire  teachers,  we  have  to  give  them 
decency  and  some  recc^ition  of  the  basic  facilities  that  they  need 
to  teach  basic  science  to  our  students. 

I  remember,  Mr,  Chairman,  following  World  War  U,  when  we 
hsd  a  big  push  of  college  students  and  the  federal  pvemment  had 
a  Facilities  Act  that  gave  low  intere^  l«mns  to  colU^  from  coaat 
to  coast  to  permit  them  to  build  buildings  so  they  o^uld  acrammo- 
date  expanding  enrollments.  This  institution,  Ccmgress,  provide 
aid  to  colleges  so  they  could  build  buildtnga 

It  occurr^  to  me  that  we  perhaps  need  a  1990  v3rsion  of  the  Fa- 
cilities Act.  This  wouki  be  directed  toward  high  schools  so  they 
a)uld  refurbish  ^ienc^  lal». 

This  was  a  low  interest  Icmn  pn^am,  and  based  upon  the  buck- 
ets in  most  of  these  cities  they  can  hardly  heat  the  place*  let  alone 
refuriiish  the  facilities  for  Kience  and  mathematics. 
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I  suggest  that  the  federal  government  ni%y  wish  to  consider  a  low 
interest  loan  prc^ranii  making  available  to  school  districts  money 
to  allow  them  to  have  state-of^e-art  faciliti^  in  order  to  stimulate 
statcHOf-the-art  minds  for  Century  21. 

Thetu  Hnally,  in  item  six,  I  would  like  to  just  say  a  ims^ing  word 
about  spedalty  residential  schools  in  science  and  mathematics, 
such  as  ^  one  in  North  Carolina. 

I  don't  think  that  this  approach  is  needed  in  every  state,  but  I  do 
believe  where  rewuroes  are  limited  it  makes  e^nse  to  bring  the 
most  gifted  math  and  science  students  and  teachers  together  to 
build  an  elite  corps  of  scientists  that  we  will  need  in  the  interna- 
ticmal  high  tech  race  in  the  year  2000  and  beyond,  when  mind 
power  will  be  absolutely  crucial. 

It  is  nc^  unthinkable  that  we  could  have  federal  leadership  in 
providing  centers  of  mathematics  instruction  that  would  be  used 
perhaps  for  the  school  year,  but  they  also  could  be  centers  for  in- 
service  training  in  the  summer,  wl^re  we  a>uld  have  the  bright^ 
•  and  tiw  best  come  tc^ther  to  work  tc^psther  under  ideal  conditiws 
so  we  could  prepare  an  elite  corps  of  leaders  in  the  naticm, 

I  simply  conclude,  Mr.  Chairman,  by  saying  we  have  an  abscdute- 
ly  criticM  pr(rf>lem  in  an  area  in  which  I  believe  the  future  of  the 
nation  will  be  pivoted  I  do  not  believe  that  we  can  achieve  excel- 
lence piecemeal.  I  think  a  prc^ram  here  and  tlmre  simply  will  not 
do  the  trick,  and  I  wmld  like  to  see  under  the  leadership  of  this 
distin^fuished  committee  a  compr€^enmvie  program,  one  that  in- 
volves the  curriculum,  one  that  involves  recruiting  and  inspiring 
teachers,  and  one  that  involves  focilities  upgrading  to  help  us 
maintain  our  competitive  advantage. 

And,  inddentaUy,  I  think  NSF  intivides  an  absolutely  splendid 
structure  fcr  tt^  leadership  in  this  direction,  and  I  commend  them 
fOT  their  work  because  they  are  focusing  both  on  curriculum  and 
on  teachers. 

Thank  you  very  much  for  giving  me  the  opportunity  to  appear 
with  ymi  today,  and  I  will  be  pleased  to  respond  to  any  questions 
you  may  have. 

[The  complete  prepared  statement  of  Dr.  Boyer  follows:) 
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Ttuinl:  yoUf  Mr,  ChAiruHt  tor  the  oppoctunUy  io  testify 
t>etor«  this  diatingulsh^d  committee*     Your  wot;k  19  ctuciai  to  the 
future  oi  the  nation. 

riv«  y«ars  ago,  the  carne^iv  raun<latiufu  in  its  report  nigh 


core  ctirrlculufi,  one  that  einphasized  science,  techiroXo^y ,  and 
«iath«>iiiatica« 

Ha  said  that  "tot  all  students  «re  budUlmji  gclt?nc« 
tfcientistSr  but  becoMing  a  responsiOle  clti^^n  in  the  last  decade 
ot  tt»«  twantiath  century  means  tHat  eveKyomt  must  become 
acieiftif icaliy  literate." 

We  also  yr9ed  that  "ail  students  should  exp«iud  Uwii 
capacity  to  think  quantitativi>ly  and  to  leake  Intel  ii9ent 
dacislons  regarding  m^^surabJle  quantities^* 

Our  cori^  cufticulutft  propoBfs  a  minimuftii  of  two  years  of 
science  and  nathi^niatica  for  all  student a^  aiuny  with  at  least  « 
SMieater-^Iong  study  of  technolc^y.     c^or  stud«?nts  who  plan  to 
t^cme  scientists  and  engineers »  tsore  advanced  coui^ses  vouid  b& 
needed  • 

nr.  Chairpan*  in  addition  to  training  top  matheiaaticiana  and 
high  level  scientists,  we  also  despeiat«ly  need  a  weXl-infotwed 
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cltlsetiry«  one  converdant  with  how  science         math  worHs. 
ProfMSor  Jeremy  »c«n»fccirt  haa  |>«t  it  w«U  i 

"Wfj  live  In  a  vowplex,  tlan^^f-ious  and  f«3cinatin9 
woe  Id*     Science  hao  played  «  ioX«r  in  creating  the 
dan^i-rs,  and  one  hopes  that  It  will  aid  it\  cre.itin9 
Ways  uf  i1i»allnij  vith  these  dangeris*     But  wio^t  of  thwae 
|irobl^ms  cannot  b*^  dealt  with  by  Rci#«ntiJ»t:fi  alone*  We 
need  all  the  help  «#e  can  get#  and  thir*  hrlp  haa  <^ot  to 
coflie  from  a  sclenti  eically  Uteratc  :«nrral  public, . 
Ignorance  of  science  and  technology  in  becoming  the 
ultimate  ©e.  f-imiulv«f"t  luxury," 

The  UarHh  truth   U  that  Rciencc  <«na  iiMtUt-mal  ics  education  in 
the  nation's  schwis  in  in  bad  shape.    The  Nat  lonrt  1  Acade«ty  of 
Sciences'  CoiaiKittee  on  Mathematical  Sciences  in  the  Year  2U0U 
which  I  serve  reported  that  mathematics  education  in  the  Unitt»d 
States  is  facin9  HMjuf  challeiiqes  on  nearly  every  front: 

•  Far  tw  n^any  Students,   including  a 
dispxpport  ioitate  numttet    flora  mlnutity  9roups, 
leave  school  without  having  acquirers  the 
inrfthe»M*tical  power  necessary  ^or  productive  lives* 

•  When  cu»pared  with  students  of  other  nations*  O.S» 
students  la9  tar  behind  in  levels  ot  iBathcmat leal 
aocompllshjnent;  the  resulting  educationai  deficit 
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it^Ua^M^s  oui  ability  to  C6wpctc  In  intt^rnat ioiwii 
areafi« 

•  The  stiortA^e  of  qualifittd  cnatht^Kut ift^ii  teAchecs  in 
this  couiit ry        moitt  s«tiou»  t^^An  in  any  other 
area  of  educatiuiu  (turn  « It^mentacy  schcK^l  to 
^rdiiutito  school* 

•  At  the  co2le9e  level*  unUi^r^raduate  siathe^tlcs  ia 
int«ll«ctu«tlly  stagnant,  uvf>i<|rown  with  9tale 
Cour&^£{  that  fall  to  stS«u3«te  th«  matheisai  leal 
iftt<>i«^sts  at  tcnJay'^  students, 

Ler  m<»  adc]  one  other  teliiii(|  roiice^n:    Ttie  tcpgtt  concludes 
thatf  '•the  iMsi  ^ffi^^ctive  mode  f«r  mAthf"iiuiticai  Xearoln«|  in  the 
one  that  prevail  15  in  mo«t  of  America's  trlassrooRisx     Xectui  in<|  and 
liatenlnQ*** 

Teachers  will     imply  have  to  more  actively  engage  students! 
lit  the  leacning  i^xocess.     This  does  not  nimpZy  applf  ta 
fliatheMticn  alone^  hut  acrosa  the  boacd,     in  muthettiat Ics/  thoutjhr 
^uod  education  means  not  juat  the  recall  at  isolated  facta*  but 
fiiearchimi  for  solutions;  not  juat  fte#»orialng  rutmulas,  but 
9ettin9  student^  to  thinfc  Creatively.    And  frankly,  this  la  not 
I%appenin9*  today. 

Turning  to  another  source/  the  moBt  recent  National 
Assessment  of  Educational  Progress  (HAHP)  report--CfoMroadj^ 
^gterican  Education— also  presents  a  dark  picture  of  mBthematic* 
achievement  among  our  students  (AttacttMtent  A]  x 
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•  The  rvpurt  r^vcdXti  that  woat  nine,  thirteen,  and 
sev^ntecn-y<>ar-oldii  can  Uu  simple  tdsK9«  like  add 
and  subtract.    But  the  majority  don't  know  how  to 
apply  knowledge  tp  wore  coHipl««  questions* 

•  "By  and  Jufyt****  the  lej/tut  di-clai«*s,  *'atu*ient3  are 
learning  the  baRlcs,  and  Mack  *?nd  Hispanic 
situdents  are  clof^iiig  the  histuricwsil  in 
performance  wirh  their  white  ^^^crj*.     Vet  despite 
th«»se  nlgnd  of  piu^sew-a,    it  it^tnaints  true  th.nt  k^uiy 

Ot   the  tidti»ii*s«  studefi^s  can  pffvtoim 
moderatPiy  difficult   ca*iKs  .aiiU  Kut-fully  few  »:an 
ptrifoiw  miiie  difflcuit  onen^" 

Let  Hie  add  piio  bit  of   intorioation  that  offer??  hopc#  Last 
year.    In  connection  wirh  a  *it;udy  thu  C^sKuegie  Toundation  in 
preparing  on  the  e^iiy  ye«iis  of  Icarninq,  wt?  a^Hi*d  a  sa»«pl«  of 
fifth  graders  wfiat   Riibject  tt;ey  liked  tnost  iheir  courses, 

CueSd  what?    M^ithiMna*^ icti  came  in  first,  witfi        |n*iccrtt.  Aiming 
eighth  gradersr   ll  percent  said  iMth  wds  their  f^votite  subject, 
second  only  to  physical  educatiLm  at  la  f>eicent» 

This  survey  suggests  that  the  ptoveibiai  ''I  hate  fliath**  one 
too  often  hearn  does  not  reflect  the  attitudes  v»t  students «  What 
it  aiQO  suggetfits  is  that  we  suiely  anjmt  find  better  v^ys  to  fan 
thv  firff  of  edch  in^e^eat  and  keep  students  fiom  biding  turned  off 
in  fiwithemat  in*. 
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111  dcience,  th«  crisis  in  equally  disturbing*    Asaitw  naep'o 
MOJSt  recent  Science  Rgi?<>/^Cjrd"--Xj5tulti  awJ  Aciiievf*went  Based  on 


f^te  trwn  half  at  th«i  nation'ti  si?veitteen-*yc>$ar-olds 
appear  to  he  iiutUt»qu4t«ly  pj^cpared  either  to 
perfotm  co«Rpet«ntly  jobs  that   require  t«»chnical 
6kill9  or  to  benefit  substantially  frow 
specialized  on-th«-job  training. 

The  think  I  ng  skills  aimJ  sciertce  Kuwwl*»ilij«» 
pofi>scsse«l  by  these  high-'schooi.  siudenis  also  seem 
to  be  lnatlf«(|uate  tot  Intotme^  participation  in  the 
nation'n  civic  attaira. 

Only  7  p<»rc<»nt  of  the  natlon'y  ouvfrMaHt-n-yeai- oldu 
have  the  knowledt|<»  aiul  skills  needed  tu  p^rfurm 
*reii  ill  col le^i>*lev«x  science  courses*  Sinci? 
hl9h-s^hoo1  sciefic«  prolicJency  is  a  good 
predictor  uf  wht"tht»r  oi  not  a  youn^  per*Jon  will 
vlevt  to  4niif;ui!  pofitsecondary  studies  in  sciencet 
the  probability  that  many  more  studeuta  will 
lumbar k  on  futur*  caieers  in  science  is  vrry  low* 


Intexiiat  iotral  cc/mpar  I  sons  also  are  Uistrt^Hsin^ .     A  recent 
science  asses»jne"t  reveals  that  U.s*  studi?nts  are  amon^  the 
lowest  achievers  of  all  participating  countries  ( Attacfiment  aji 
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•  At  9rAd#  £lve#  our  studrntB  rank^fd  in  the  middle 
in  science  actilevei^eiit  celativi^  tu  tourteer.  other 
paitlclpatlng  countries. 

•  ,  ,  ht  9r«4de  iilnier  they  ranked  n«*xt  to  last. 

•  In  th«  upper  grades  at  secoiulaiy  school  r  ''advanced 
science  studentfi**  In  the  U,S*  ranKrd  last  in 
hlolo^y • 

•  U»S.  students  also  pcrforstt^d  btihind  students  from 
mo!&t  countries  In  cheniidti:/  and  phy3ic9, 

SMid«>nt6  do  not  tsili  arcive  at  thu  klndisivas  ten  door  with 
equal  o^portunitlea  and  aspicatlona*    Siarial  and  economic 
recall  ties  have  heyun  to  have  an  Impact  lony  before  thai.  tlmCf  and 
schooling  Joes  not  ^crve  to  er^idit^ate  these  Inequitirs,  NAEP 
effiphaslses. 

The  data  »how  substantial  di€»i>ar it ies  In  scSen^^H  profit ienoy 
tK?tween  ^loupsi  defined  by  rac«  and  ethnicity; 


Despite  ret?f*nt  ^ainar  the  avi^ra^e  proficiency  ot 


thirteen  and  seventeen-year  old  black  ^nd  Hispanic 


students  reRMinn  at  least  four  years  behind  vhat 


of  their  white  peers. 
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Only  al>out  ib  percent  uf  tiie  bXdck  Afi4  Kin|vinic 
sevetite€ti-y«ar-oldtt  in  I9a6  U«*moastrAted  'h« 
ability  to  analyse  acientiflc  ptuccdurefi  and  data, 
cofii(>)ar«d  to  nearly  one-hAlf  of  the  white  »iudenta 
thici  ii^e. 


rranlcly,  Mr,  Ch^iriviiin,  the  evld*,*nce  is  overwii^lming,  TiK-«e 
is  «n  abfiolutely  crucial  need  in  this  c'uuntty  to  strmfChen 
aatheiKAtics  and  Bcl^nce  education  lat  all  atudmnm^     The  need  in 
esi^cially  acute  for  minority  youngsters  i^ho  by  the  yeac  2000 
will  constitute  rouc|niy  40  pccccut  of  public  school  nnrulla^nt; 
whon  ch«y  tail,  the  nation  fwiUft. 

Ckim  way  of  enlarging  the  talent  pool  p<:^tentiaX 
ttathematiciana  and  scientists  Is  to  ensure  that  aII  students  9et 
an  e<|ual  iitart*     inRtillin^  basic  skills  for  all  chilUren  Hculy 
on  la  vital. 

Xa  this  connect ion#  fir,  ChairmaHf  I'd  iiJte  to  add  that  those 
prOMA  effective  federal  program^  that  serve  disadvantaged 
student* r  SMch  as  HMd  start  and  Chapter  One,  still  ;»«ive  less 
than  half  of  those  ell^ibls. 

Finally,  i*d  llks  to  cooonent  briefly  on  the  legislation 
p«ndiA9  before  your  ecsomittee  tftat  seeks  to  tacfcl«  the 
shor tcoialn99  In  i&ath  and  science. 

H.«.  999  is  clearly  a  step  In  the  right  direction.  The 
con9ressloiial  scholarship  program  you  propose  sends  precisely  the 
ri9ht  Mssa9e — namely,  that  a^nerica  cares  about  having  the  wath 
mndi  science  talent  it  needs  tu  mpve  confidently  Into  the  ne«t 
century. 
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Ttic  number  ot  atudcnt*  to  be  ©elected    two  to  « 
can^rifaslonal  aistrict— iimlteJ,    StiUp  it  R«inds  a  clear 
»i9iiAl  that  math  ana  science  te^ivHlny  Is  critically  important  and 
X»d  hope  that  as  future  budgets  perait,  this  impurt«nt  effort 
could  be  ev{Kindc«1* 

I  «l$o  like  the  idea  of  ^ivlnij  award'?  to  students  whu  corwwlt 
thei^selves  to  teach  iMth  and  science  in  tb«  schools.  S<^eth!n9 
aust  be  done  tt»  stpp  tHe  decline  in  qualified  math  and  science 
teachers.    This  is  a  ttatiunal  problem  that  requires  a  national 
response* 

SkH^  pf  the  nation's  cnllpgM  and  unlverfiities  are  already 
[*rovldlnv|  scholarshlpu  fur  outstanding  Iil9h  school  graduates  who 
COtortilt  to  teachlii%|,    A  fedt^iAl  effort  to  join  with  such 
institutions  In  helping  to  ex^iand  the  number  of  top  math  and 
science  teachrra  4»  a  strategy  worth  pursuing. 

One  last  point,    Thf«e  decades  a^Of  CoUowln^  tne  Soviet 
launch  or  sputnik,  president  Eisenhower  concluded  that 
«tren9tbenln9  «ath  and  science  in  the  schools  was  the  key  to  our 
national  security,  and  he  secured  jwissa^e  of  the  National  Defenne 
Education  act.    The  program  provided  feUowahips  for  teacher 
upflradin^  and  renewal  in  these  critical  fields  on  cawpufies  across 
the  nation* 

An  NUeA-type  program  today  would  supplement  ^^^^ 
ie9lalatlon  under  consideration  in  a  powerfully  important  way. 
Teachers  wiio  ate  now  in  the  schcols  rentaln  our  9ceatest  resource 
for  isiprpyinq  student  performance.    StrengtheninQ  their  skill?* 
i»hould  be  a  top  priority,  too. 
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Mr.  Ch^irman^  th«nkd  v^ry  iwucli  for  thv  op^iortanUy  to  wuct 
Vltlt  you  today.     S*ll  be  |»2eas€>4  to  answec  «iny  quetitions  yuu  dn4 
Other  committee  isembers  way  have* 
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Mr.  Wauirkn.  Thank  you.  Dr.  Boyer,  for  presentatioii. 

What  has  gone  wrong?  Why?  xr  ♦ 

You  have  omimsnled  here  we  are  six  yeare  after  A  NaUon  at 
Risk,"  and  we  are  still  at  risk,  and  I  guess  I  had  the  impression 
that  NSF  has  been  working  on  curriculum  ever  since  I  came  to  the 
GbimsB,  and  yet  here  we  are  a  decade  later  saying  we  are  stiU  at 
the  point  of,  in  your  view,  not  having  decided  what  it  is  we  ought 
to  teach  and  how  the  curriculum  ought  to  do  it  ^  j 

Can  you  share  any  thoughts  with  us  about  why  we  haven  t  made 
more  pregrem  because  certainly  ttere  have  been  people  acrcMs  the 
politicai  spectrum  when  it  comes  to  education  waiting  to  do  the 
right  thing  on  all  levels  of  government?    .  .    ^  j  *  ■ 

Efr.  BOYBB.  We  are  coniuaed  about  who  is  m  charge,  and  Ameri- 
can education  has  grown  up  grass  roots  around  local  dwtnc^  and 
that  worked  at  a  time  when  we  were  well-fimded  and  had  great 
local  school  support  But  it  emerged  very  unevenly . 

Slow^  but  surely,  and  especially  m  the  last  10  to  15  years,  we 
have  become  avrare  that  it  is  not  16,000  school  districts  that  we  are 
talking  about  It  is  a  nati<mal  strategy,  and  witness  the  labeling  of 
that  report,  "A  Nation  at  Risk."  .    ,  , 

Now,  what  ^e  have  been  doing  m  our  school  reform  movement— 
and  I  don't  dismiss  it,  and,  incidentally,  we  have  made  great  gains. 
I  don't  want  to  be  misunderstood  and  claim  that  it  has  been  all  a 
waste,  but  it  has  not  been  sufTicient  ,      ,j    ,.  i 

We  have  approached  it  throuf*  what  1  guess  I  would  caU  excel- 
lence by  exception.  Wc  still  follow  what  I  would  call  the  model 
school  approadi.  the  elite  school  approach,  the  wsential  school  ap- 
braach,  and  if  you  read  the  literature  it  is  shot  full  of  the  idea  we 
are  going  to  try  a  model  here  and  there,  we  are  going  to  try  an 
illustration  here  and  there,  but  we  have  not  found  a  way—and  I 
hate  to  use  this  word.  I  am  even  embarraotvsed  to  put  it  m  the 
leomd,  but  I  will  because  it  is  more  than  two  syllables  and  there- 
fore suspect—but  we  have  not  found  a  way  to  have  a  systemic  ap- 
proach to  school  excellence:  that  is,  how  we  can  find  a  way  for  the 
entire  system  to  be  improvvsd. 

We,  rather,  have  used  our  momes  to  encourage  case  studies  here 
and  there,  but  in  the  end  you  run  out  of  finding  examples  unless 
you  also  know  that  you  are  making  available  to  all. 

So  what  we  don't  have,  frankly,  is  a  framework  and  a  standard 
against  which  all  schools  can  be  held  accountable,  and  we  haven  t 
thought  thitMigh,  as  I  said  earlier,  even  the  curriculum  expectation 
toward  whidi  schools  can  be  moving. 

So  I  tell  you,  I  think  we  are  running  out  of  steam  on  the  reform 
movero^it  because  you  can  only  to  so  far  by  enrouraging  one 
school  in  isohktion  to  improve  itsdf  Wc  have  83,000  some  such 
schools,  and  I  don't  think  that  is  the  answer.  .  ^ 

I  think  vre  need  to  approach  some  of  these  problems  through 
what  I  guess  I  vrould  call  a  systemic  am^niach,  and  I  would  say 
statewide  standarxla  but  lots  of  freedom  at  the  local  level  to  unple- 
ment  them  and  then  hoW  them  accountable.  , .  . 

But  one  of  the  areas,  as  I  mentioned  at  the  outset  where  I  think 
we  arc  still  very  much  confused  is  to  try  to  think  throi^h  what  we 
believe  the  core  curriculum  i^ould  be  and  what  we  think  the  spe- 
cific content  might  include,  and  I  think  that  is  where  overall  lead- 
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ership  is  requiml,  giving  lots  of  freedom  to  the  local  school  and  t 
the  teachers,  empowering  tbem,  then,  to  implement  toward  exct  ! 
letice  against  the  framework  that  has  been  carefully  astabhshed. 

So  we  have  eno^uraged,  we  have  not  found  a  way  to  bring  local 
cst^ttvitv  and  nationafand  fiftatewide  expectations  together. 
Mr.  Walqben,  But  ycm  would  st;ongly  advocate  a  Manhattan 

effort  that  (^vioumy  ifi  on  the  national  level  

.  BoYER«  Yes. 

Mr.  Walgren  [a>ntinuing].  To  decide  on  goals  and  to  develop  

Dr.  BoYEB.  Yes,  as  models. 

Mr,  Walqbjen  [continuing].  The  methods,  the  specific  curriculum 
to  meet  that  goal? 

Dr.  BoYER.  As  illustrative  models*  I  am  not  saying  that  we  need 
a  curriculum  that  would  be  imposed  on  16,(KM)  districts,  but  I  think 
we  need  models  and  case  studies  that  can  be  available  to  indicate 
how  those  goals  could  be  ^toblished,  and  I  think  it  is  expecting  too 
muc'i  to  think  that  each  district  or  lo^  teachers  can  themselves 
invent  thlii  under  the  harassed  conditions  under  which  they  work» 
but  they  surely  should  be  involved  in  developing  alternative  models 
that  are  quite  specific  as  to  what  the  teachmg  strategies  should  be 
so  that  the^  could  be  made  availc^le  to  state  departments  of  e  lu* 
cation  and  to  local  districts,  too. 

I  think  it  is  that  kind  of  creative  leadership  we  need  that  stops 
short  of  a  national  curriculum  rigidly  impo^  or  a  naticmal  test 
that  would  be  mandated,  but  I  think  there  is  a  middle  ground  be- 
tween endless  localism,  in  which,  frankly,  textbooks  and  t^ts  de- 
termine curriculum. 

Mr.  Walgren.  When  you  say  you  would  stop  short  of  a  national 
curriculum  mandated*  is  the  place  that  you  would  stop  after  the 
word  **national  curriculum"? 

Dr.  Bovsa.  It  is  the  ^'mandated''  that  I  would  stop. 

Mr.  Waioken.  Mandating  is  the  prdblem? 

Dr,  EkiYEit  Yes.  But  I  think  it  is  quite  in  order  in  this  country  to 
find  the  middle  ground  between  what— the  tension  we  have  in  this 
country.  We  want  local  control  and  we  want  national  rraults,  and 
we  have  never  found  a  theoretical  inoctel  to  mediate  between  the 
two. 

We  are  slowly  shifting  away— we  are  now  less  concerned  about 
local  control^  and  we  are  more  concerned  about  national  results. 
What  we  need  now  is  a  new  way  of  procedure  in  which  we  give 
help  at  the  nptional  level  that  is  intellectually  exciting,  but  not 
take  over  octroi  and  authority  that  I  think  would  be  bureaucrati- 
cally  detractive,  and  as  we  have  evdved  in  this  country  from  local 
control  tovrnrd  national  concern,  we  havcm't  developed  stnitenes  in 
which  we  can  maintain  the  two  in  Imlance*  and  so  when  1  stop 
short  is  more  national  leadership  to  think  through  goals  and  to  de- 
scribe by  example  curriculum  using  the  best  minds  that  we  have, 
nst  in  government  but  from  classirooms  and  from  the  world  of 
seholarsp  and  then  school  districts  vwuld  have  before  them  the  kind 
of  eiqpectation  as  ^11  as  illustration  tlut  they  need,  but  not  feel 
that  they  are  going  to  have  to  answer  to  a  Secretary  of  Education 
(town  here  in  the  l:^ilding  in  Washington. 

Incidentally!  could  I  remind  you  that  after  Sputnik  we  had  a 
really  exhilarating  period  of  curriculum  delmte  in  this  cmmtry.  It 
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was  spontaneous,  althoui^  it  got  some  federal  monies.  I  mean  tl» 
Mathematics  Project,  tlie  Biology  Project,  English  Project  that  in- 
volved sdiolars  in  the  di«:iplines  and  schoolteachers  that  developed 
some  genuinely  exciting  curriculum  framework.  Than  that  all  kind 
of  came  crashing  to  a  halt  during  the  crisis  and  the  traumas  of  the 
'60s. 

But  we  have  had  much  lem  interest  in  the  intellectual  issues  of 
education  in  this  reform  movement  than  we  did  after  Sputnik. 
Here  it  has  been  more  structural  and  more  preoccupied  with  test- 
ing. 

Following  Sputnik  we  had  some  very  intellectually  invigorating 
efforts  on  the  part  of  scholars  and  teachers  to  try  to  rethink  what 
it  w  we  should  be  teadhing,  and  we,  I  think,  need  to  somehow 
bring— I  guess  I  would  call— the  substance  of  the  reform  movement 
into  the  debate. 

But  I  don't  want  to  just  see  it  by  continuing  to  give  grants  to  iso- 
lated efforts.  I  think  we  are  at  a  dead  end  on  that.  We  are  going  to 
have  to  somehow  work  toward  more  coherence,  but  stop  short  of 
national  mandates. 

Mr.  Walqrkn.  The  Chair  would  recognize  the  gentleman  from 
Virginia,  Mr.  Slaughter. 

I  am  sorry.  Mr.  Henry. 

Mr.  Hknry.  Thank  you,  Mr.  Chairman.  Thank  you,  Dr.  Boyer. 

Just  by  way  oi  perwmal  back^und,  I  used  to  be  a  collie  prof.  I 
come  from  a  family  teachers.  I  was  on  the  State  Board  of  Educa- 
tion in  Michigan,  Chair  of  the  Education  Committee  in  the  State 
Senate. 

I  have  got  to  say  y^*-  *^ave  said  more  to  us  coherently  and  in  bal- 
ance than  anythin  ve  heard  in  the  Ed  and  Labor  Committee 
here  in  (bur  years  lu  v.rms  oi  peeking  a  lot  into  a  little. 

And  I  guess  I  say  that  not  indictively,  but  in  sorrow.  Quite  frank- 
ly, we  have  had  a  tremendous  prcriblem  because  of  tibe  political  dy- 
namics. And  I  know  that  if  you  went  into  my  community  most 
people  would  e«ree  enthusiastically  with  what  you  are  saying,  Imt 
t)M!  ptditical  endeavco*  has  becoiro  so  politicised  with  an  agenda 
social  reform,  much  of  whidi  is  so  very  meritorious,  but  it  is  as  if 
the  issue  learning  in  its  truest  sense  has  been  put  at  odds  with  a 
eucial  agenda  of  equal  educational  opportunity  in  terms  of,  you 
know,  in  the  '60s  we  went  through  these  anguished  battles,  and  ap- 
propriately so,  in  equal  educational  opportunity  for  those  of  color, 
for  those  who  did  not  have  advantages  <^  w^th  in  terms  of  ao^sa 
to  higi&er  education,  Inlingual,  multi-<niltural,  special  ed.  and  that 
is  where  the  focus  has  been. 

And,  at  the  same  time,  just  to  turn  back  in  terms  of  kind  of  a 
vengeful  approach  to  saying  now  the  issue  is  educational  account- 
ability doem't  quite  turn  the  trick  either. 

Yesterday  I  had  a  Icmg  meeting  with  the  current  S^nr^ary  of 
Educatum,  and  we  do  have  the  draft  the  Administration's  certifi- 
cation initiative,  and  we  are  waiting  for  final  approval  on  that,  and 
I  will  be  sure  to  be  in  touch  with  you  immediately.  I  think  next 
we  wUl  have  that,  and  we  would  appreciate  your  comments 
on  that 
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The  one  thing  that  struck  me,  however,  was  your  first  point  in 
terms  of  the  need  for  curricular  reform  in  the  early  and  middle 
.nears. 

I  have  always  had  kind  of  a  bias  that  we  are  losing  them  in  the 
late  middle  and  high  school  years.  You  mentioned  early  and  middle 
years  in  terms  of  curricular  reform. 

W<mld  you  just  elaborate  on  that  one  point?  I  would  really  ai^re- 
date  it 

Dr-  BoYER.  Well,  in  some  ways  the  primary  grades  are  working 
better  than  high  school  in  a  racial  sense,  and  also  I  think  the 
teaching  there  is  often  outstanding.  I  think  if  we  in  this — with  aU 
due  rrapect  to  your  prior  career— if  we  would  give  as  mudi  status 
to  firet  grade  teachers  as  we  give  the  full  pro^ssors,  that  one  act 
alone  m^ht  perhaps  renew  the  nation's  schoola 

I  think  the  foundation  years  are  absolutely  crucial,  and  I  would 
say  that  the  establishment  of  language  proficiency  in  tibe  early 
years  is  perhaps  the  ke^.  If  I  could  be  assured  that  by  fourth  grade 
all  children  were  proficient  in  the  use  of  English  in  both  its  written 
and  spoken  forms,  I  think  we  would  luve  done  more  for  the  na- 
clones  schools  than  any  other  intervention  that  I  know* 

But  having  said  tha^  let  me  hurry  on  to  respond  directly  to  your 
question.  In  Sjpite  of  the  fact  that  I  think  there  are  great  teachers 
and  that  students  are  often  much  better  supported  than  in  high 
schools,  I  have  to  sav  from  the  experience  that  we  have  had  at 
negie~and  we  are  doing  a  report  on  the  early  years — ^by  and  large 
there  is  enormous  connision,  and  I  would  say  almost— -I  will  not 
put  for  the  record  the  word  ''bankruptqr' — but  I  would  say  a  lack 
of  understanding  as  to  what  the  early  years  are  trying  to  establish 
in  terms  of  curriculum  and  what  we  think  students  should  know  in 
terma  of  general  education. 

There  was  an  earlier  d^ign  which  started  around  the  social 
studies  unit,  where  it  started  with  the  child  in  the  family  and  then 
a  concentric  circle  to  the  neighborhood  and  you  took  trips  to  the 
firehoui^  and  then  a  concentric  circle  to  your  state,  kind  of  moving 
from  the  most  familiar  to  the  least  femiliar. 

I  think  that  that  has  become  sterile  and  unuseftil.  It  doesn't  indi- 
cate how  the  child  develOTS  a  larger  sense  of  both  social  and  intel- 
lectual connections,  and  1  think  the  establishment  of  a  core  cur- 
riculum dedgn  at  the  foundation  is  absolutely  crucial  in  order  for 
the  students  then  to  move  out  into  greater  spedalization  in  the 
senior  j^ars  and  on  into  high  school 

The  core  of  learning  and  the  dimxrraiy  of  connections  it  seems  to 
me  is  established  in  tiie  early  years,  and  I  think  that  is  when  the 
child  is  most  ready  to  see  intertfependendes  and  relationships  and, 
frankly,  I  think  is  much  more  intellectually  excited  at  that 
moment  than  we  give  bim  cr^t  fbr. 

I  mean  another  model — this  is  now  being  whimsical— why  not 
rtart  with  the  universe  and  move  in?  My  grandchildren  talk  about 
galaxies.  They  don't  talk  about  the  firehouse. 

I  m^m,  I  think  we  have  undei^imated  what  young  children  are 
ready  to  discover  in  the  world  around  them,  and  I  tihiink  we  need  a 
fr»h  and  ex^itii^  rethinking  of  the  primary  school  curriculum  as 
tfa»  foundation  for  further  learning  and  specialization.  That  in- 
dudes  math  and  science  concepts,  but  other  disciplines  as  well. 
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Mr.  Henry.  If  I  may  just  follow  on  that,  Mr.  Chairman,  I  think  it 
is  a  very  provoking  insight.  I  think  perhaps  our  bias  that  elemcmta- 
ry  and  middle  school  works  better  than  high  school  is  kind  of  a 
social  judgment  on  the  school  rather  than  an  a^idemic  judgment 

Dr.  BoYEK.  And,  frankly,  the  failures  in  high  school  are  reflectr 
ing  on  what  has  hf^pened  before  that  It  iit  not  automatically  a 
failure.  If  you  don't  develop  language  proficiency  in  the  early 
grades,  ym  start  to  find  the  failure  later  on  because  the  d«nand8 

get  greater. 
Mr.  Henry.  But  I  may  follow  on  that 

But  as  soon  as  we  move  into  the  curricular  refonns  and  me  sub- 
stantive issues  we  get  in  a  whole  issue  of  cultural  elitism.  For  ex- 
amine, when  Mr.  Bennett  came  up  with  his  high  school  curricu- 
lum, which  is  in  some  ways  what  you  are  talking  about,  it  becomes 
culturally  elitist 

If  we  look  into  the  elementary,  early  elementary— and  I  am  not 
trying  to  ask  a  loaded  questicm.  I  am  asking  in  very  good  faith— 
what  about  Mr.  Hirsh's  issue  on  cultural  literacy?  I  mean,  does 
that  represent  cultural  elitism  or  is  he  really  Uiking  about  the  pro- 
tections that  make  riding  work  to  achieve  what  you  are  talkuig 

about?  , 
Dr.  BoYER.  Yes.  I  am  going  to  have  to  vote  on  these  two  people, 

huh? 

I  will  talk  towMi  over  lunch, 

Mr.HiomY.  Wewilldothat  r  .u-  u  *u  * 

Dr.  BoYKR.  No,  let  me  start  with  Don  Hush  because  I  think  that 
is  a  little  less  volatile  in  this  town.        „.  ^,  »^   .  ,  ^ 

I  have  felt  for  a  long  time  that  E.D.  Hirsh's  basic  notion  about 
cultural  literrcy  is  sound.  If  I  understand  him,  what  he  is  saying  is 
we  need  sufficient  ownmon  knowledge  and  sufficient  common  lan- 
guage and  sufficient  untterstanding  of  common  heritage  even  to 
engage  in  diaoourse,  even  to  argue  cubout  our  differences. 

Mr.  Henry.  And  if  I  understand  it,  he  is  saying  

Dr.  BoYSR.  There  is  no  way  for  me  to  ccHne  in  here  this  

Mr.  Henry  [continuing].  In  particular  learning  the  mechanks  of 
reading,  but  it  is  senseless  because  the  lack  of  that  Once  I  put 
that  in  I  am  eUtist  I  am  imposing  culture. 

Dr.  BOYKR.  Well,  there  is  a  diaerence  betvreen  having  an  undei^ 
standing  that— how  shall  I  say  this— look,  education  has  two  goals. 
One  is  to  affirm  our  individuality  and  strensthen  us  and  empower 
us  to  live  as  independent  auton<Mnous  human  beings. 

The  other  is  to  help  us  disraiver  our  connections  and  to  help  us 
understand  that  there  is  an  interd^iraidency  in  our  existence,  and 
the  minute  we  pretend  that  there  is  only  one  of  these  that  b  the 
minute  we  have  lost  the  eraence  of  education. 

If  we  Btr«»9  individuality  and  say  that  is  all  there  is,  we  have 
miseducated  people.  On  tiie  other  hand,  if  we  say  tiiat  we  are  all 
together  and  deny  the  diffeenoes,  then  we  have  also  suppressed 
the  dignity  of  the  individual.  ^   «^  , 

All  I  am  «iying  is  we  should  not  put  these  as  tradeoff  because 
we  all  live  alone  and  we  are  all  together.  We  are  all  indepenitent, 
and  we  are  all  interdependent.  We  all  are  isolated,  and  we  are  aU 
interconnected. 
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Now,  if  that  is  the  reality  of  life,  then  education  should  tell  stu- 
dmta  that  you  are  an  individual,  we  are  going  to  empower  you  for 
individual  gain,  but  you  are  also  part  ctf  a  larger  immunity  and 
til^re  is  no  way  to  escape  it 

So  I  think  it  is  a  mistake,  frankly,  to  suggest  that  to  talk  about 
common  interests  is  to  supprefi»  the  distinctiveneas  individuals 
or  subgroups.  We  have  to  learn  to  know  how  to  <^lebrate  individ- 
uality and  our  minorities  at  the  same  time  we  have  to  understand 
how  to  build  a  aeose  of  nationlnxKi  that  includes  those  differences. 

That  is  the  douUe  mission  of  a  nation  and  also  of  education.  So  I 
think  we  are  in  a  terrible  bind  when  to  talk  about  our  connected- 
ness is  to  suggrat  that  we  deny  difference.  On  the  other  hand,  to 
celebrate  differences  and  not  identify  our  points  of  interconnection 
is  to  teach  ignorance,  not  understanding* 

Now,  as  to  Mr*  Hirsh,  he  is  simply  saying  we  need  enou^^  com- 
monality to  cany  on  cmr  common  discourse  and  even  to  argue 
about  our  difTerencn.  To  that  extent,  I  think  his  notion  of  cultural 
literacy  is  on  track. 

He  put  at  the  back  of  his  book  5(NK)  items  to  illustrate  what  we 
should  know.  I  think  that  has  been  prdbably  a  mistake.  The  list  I 
think  is  wrong  for  two  reasons.  Funst,  it  has  sKime  things  in  it  I 
don't  know,  and,  second,  I  know  some  things  that  aren't  on  the  list 
So  I  think  it  needs  to  be  revised. 

But  the  basic  idea  that  Don  Hirsh  is  arguing  about;  namely,  the 
fact  we  need — I  m^n,  the  veiy  fact  that  we  are  carrying  on  this 
hearing  is  an  audacious  illustration  of  cultural  literacy.  I  come  in 
here  and  go  rambling  on.  I  dcm't  even  define  my  proper  nouns.  I 
assume,  maybe  correctly  or  incorrectly,  that  something  is  happen- 
ing in  your  cerdbrum  that  matr  hc^  mme.  That  is  Imaed  upon  some 
assumptions  of  connectedness. 

Bvery  time  the  Washington  Post  goes  out  on  the  street  in  the 
momii^  hundreds  of  proper  nouns  are  included  and  they  are  not 
defined.  T^e  assumption  of  cultux^  literacy  behind  jetting  out  a 
morning  newsi^iper  is  absolutely  stunning. 

So  I  don't  think  we  can  dbny  the  bask:  principle  that  we  fieed  to 
have  amne  shared  experiences,  and  that  is  what  education  is  about 
But  to  do  it  in  the  mxKxiB&  that  would  deny  difference  among  us  or 
even  to  acknowleoiBP^  that  we  have  sometimes  gre^t  tensions  is 
where  I  think  education  gets  off  t  ack. 

I  don't  have  time  to  talk  about  the  Secretary. 

Mr.  Waloeen.  We  would  give  you  time.  [Laughter.] 

The  gentleman  from  California,  Mr.  Brown. 

Mr.  Brown.  No  questions. 

Mr.  WaxjGREN.  The  gentle  lady  from  Rhode  Island,  Ms.  Schnei- 
der. 

Ms.  ScHNKiDER.  Let  me  just  add  that  it  is  not  that  I  am  not  in 
agreement  with  vcm  tJiat  I  have  no  questions.  I  will  say  that  I  have 
heard  more  wisdom  through  your  testimony  this  morning  than  I 
have  h^urd  in  a  very  long  time. 

Part  of  the  rearon  th^  I  was  late,  I  was  just  returning  from  a 
New  England  Board  of  Higher  Education  meeting  on  biotechnology 
ami  its  future,  and  rather  than  talking  about  regulatory  refbrm  or 
opening  up  our  am)petiti\^  markets,  the  emphasis  obviously 
turned  to  duration.  Where  jb  the  skilled  workforce  that  we  are 
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going  to  need  to  carry  on  our  lead  in  the  innovati<m  of  biotechnol- 

I  certainly  commend  you  for  the  ^rk  that  you  are  doing,  and 
I  appreciate  your  sharing  ymir  proposals  with  us  because,  as  I 
think  you  are  avrare,  it  is  not  foiling  on  deaf  f^irs,  that  there  are  a 
number  of  us  that  share  your  enthusiasm  for  the  initiatives  that 
ymi  have  articulated,  and  we  hc^  that  we  can  work  in  partnership 
with  you. 
'Hiank  you  for  your  input. 
Dr.  BoYEE.  Thank  you. 

Mr.  Wasxsrsn,  If  my  colleagues  will  permit,  one  thing  that  keeps 
running  through  my  mind  is  that  in  politics  and  in  the  political 
d^te  we  always  tend  to  run  down  tibe  past  I  suppose  there  is 
some  gain  for  blaming  and  holding  sraie  nc^  past  ^ort  up  to  de- 
Krtt>inK  it  as  inadequate  or  wrongful,  and  3^  I  am  alwajm  im- 
pr^eed  at  how  soon  we  come  l»ck,  quite  quickly,  to  what  was  done 
m  the  past  and  near  past  because  thrae  folks  wo^en't  so  dumb  after 
all  and  in  fact  had  the  best  motives  to  boot 

And  my  question  is  if  in  the  '60s  we  thought  a  lot  about  curricu- 
lum—this is  an  area  that  doesn't  change  rapidly  with  human 
nature— isn't  there  value  there?  Are  we  sort  of  continually  starting 
at  ground  zero  just  b«ause  we  want  to  chum  the  field  again,  or  is 
there  real  value  out  of  that  earlier  attempte  to  look  at  curriculum 
and  decide  what  works  and  what  ought  to  be  taught?  Are  w  really 
at  ground  zero? 

Dr.  BoYSR.  No,  we  aren't,  and  that  gives  me  an  occasion,  Mr. 
Chairman,  to  explain  that  piod  work  is  being  done.  When  I  call  for 
larger,  more  integrative  effort,  we  could  turn  to  many  exciting  ef- 
forts going  on  today. 

I  don't  think  it  is  inappropriate  to  say  tiiat  I  think  California  as 
a  itoto  has  been  doing  some  r^ly  interesting  work  and  good  work 
to  think  about  what  their  curriculum  K-12  should  be  and  other 
states  as  well.  You  will  be  hearing  from  Florida  shortly. 

We  are  not  starting  in  a  vacuum.  We  have  some  heritage  tere, 
and  have  son»  state  and  even  local  efforts.  I  am  saying,  though, 
tliat  they  need  to  be  multiplied  and  reinforced  and  where  the  cnti- 
cal  mass  should  be  created. 

So  I  want  to  make  that  point  very  cl^. 

The  other  point  I  wished  to  make  was  perhaps  to  reinforce  Mr. 
Henry's  question.  I  think  that  a  lot  of  the  imues  that  were  raised 
in  the  '6te  were  Ic^limate  and  overdue  and  that  we  had  h&dn  ne* 
glectful  of  minoriti^  and  women. 

Hie  sad  fact  ^  tihot^;h,  that  the  schools  take  inordinate  responsi- 
bility for  thia;  tbuat  is,  when  this  nation  is  in  trouble  we  expect  the 
schools  to  be  Mr.  Fix  It  for  the  nation.  So  we  almost  overburden 
tlu^  sdiools  in  tenns  ^  what  we  expect  them  to  do  in  managing 
social  imtiK)logies,  including  fomily  pathologic^  and  the  like,  and  in 
tib^  process  it  almmt  overwhelms  the  day-Unlay  practitioner  in  the 
Bchocd  who  ia  trying  to  also  TOComplish  some  absolutely  esmntial 
intellectual  objectives. 

But  I  only  ray  I  understand  what  you  have  i»id.  Some  of  it  was 
overdue,  and  tiie  sdiools  r^ly  were  almost  overwhelmed  with  the 
social  responses  th^  were  asked  to  fulfllL 
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But  back  to  curriculum,  Mr.  Chairman,  I  would  say  that  we  have 
much  to  learn  from  the  past,  and  also  we  have  some  good  examples 
today- 

I  would  add  this,  that  there  is  some  virtue,  however,  in  rediscov- 
ering tiiis  every  generation  or  so;  that  is,  a  curriculum  is  not  ster- 
ile, and  half  ihe  excitement  and  value  is  to  rethink  what  it  is  we 
are  tnrin^  to  do*  In  other  words,  the  process  has  a  value  in  trying 
to  define  it  in  the  new  context. 

In  that  regard,  let  me  just  add  this  as  a  footnote,  not  to  labor 
thi& 

I  will  tell  you,  I  think  the  way  the  world  is  changing,  becoming 
more  interdependent,  the  way  in  the  next  century  our  children  are 

going  to  have  to  be  thinking  about  such  matters  as  the  ecology  and 
ealth  and  food  supply,  I  thinJc  that  we  have  to  increasingly  think 
of  a  curriculum  that  is  not  only  a  reflection  of  the  disciplines  but 
integrates  those  diKipIines  and  then  learns  to  apply  them  to  some 
of  the  essential  human  problems. 

So  I  would  like  to  see  the  curriculum  discussion  focus  on  the 
next  century,  not  the  last,  and  that  is  wiiy  I  think  we  can  learn 
from  the  pai^  look  at  existing  models,  but  I  would  like  to  see  us 
anticipate  what  our  children  will  need  to  know  in  order  to  live  re- 
sponsibly in  the  year  2030,  and  I  don't  think  that  kind  of  creative 

Question  has  been  posed  in  trying  to  ask  what  is  the  framework  of 
he  curriculum  for  the  nation  s  CK^hools,  at  least  as  adequately  as  it 
should. 

Mr,  Walgrrn*  Can  you  comment  on  NSFs  curriculum  develop- 
ment over  the  last  five  3^rs  or  so?  What  is  your  greatest  disap- 
pointment in  that  prc^ram? 

Dr.  BoYfiR.  Na  I  have  to  say  to  you  honestly  that  I  have  not  stud- 
ied the  particular  models  that  they  fund  or  the  results  that  have 
been  submitted.  So  I  think  it  would  be  unftur  to  generalize  about 
that.  I  certainly  would  if  I  had  taken  the  time  for  that,  but  I  have 
not  esKamined  it  with  care  and  should  not  comment 

Mr,  Walqrkn.  Okay. 

Dr.  BoYKR.  I  was  at  a  meeting  at  NSF  about  a  month  ago,  an  all 
day  session,  in  which  mnne  of  their  prioritira  were  discussed,  and  I 
was  ^rc^tly  impressed  by  the  new  sense  of  excitement  about  trying 
to  remvi^orate  the  schools  and  direct  some  of  NSVs  money  toward 
precoUc^te  ef!brt  and  around  curriculum  and  teaching,  those 
minciples  that  I  felt  were  sound,  but  I  hadn't  looked  at  and  do  not 
nave  data  re^rding  the  specific  pro^cts. 

Mr-  Waudrkn.  How  would  you  balance  the  effort  that  NSF  might 
make  in  science  and  math  education  and  what  should  be  done 
throu^  the  Department  of  Education? 

Dr.  BoYSR.  Yes.  My  memory  of  the  Department  is  that  they  have 
had  very  little  authorization  to  engage  in  science  and  mathematics; 
that  is,  they  have  not  had  a  histor;)^  in  curriculum,  whUe  that  has 
been  almost  the  exclusive  prerc^tive  of  NSF,  So  NSF  has  had  the 
history* 

And  I  think  it  is  also  fair  to  say,  Mr  Chairman,  that  NSF  has 
more  status.  Over  the  years  it  has  fo^n  identiHed  as  more,  if  I 
might  say  so,  an  elite — I  m^n  that  in  the  b^  seni^—a  distin- 
guished enterprise,  and  that  is  not  to  speak  disparagingly  of  the 
Office  of  Eklucation  or  Department,  but  that  grew  up  in  a  much 
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more  modeat  fashion,  and  them  as  it  did  ^cpand  it  turned  its  re- 
sources  as  a  strat^  for  equity  primarily,  and  as  you  well  know, 
most  of  the  monies  in  the  Itepvtment  go  toward  equality  of  c^^r- 
tunity.  Chapter  1,  at  the  precoUc^te  and  the  Pell  grants  and  stu* 
duat  loans.  You  take  tlioee  two  togetl^r,  you  prdbably  ha^  what, 
threchfcmrths  vf  all  the  funding  in  the  Department 

I  would  say  that  is  absolutely  crucial.  In  fact,  my  view  is  that  is 
the  most  fundamental  national  priority,  federal  government  priori- 
ty, m  to  work  toward  equity,  and  so  I  don't  my  tlxat  is  unimportant. 
I  am  saying,  however,  its  effcHts  have  not  been  around  curriculum 
design  generally  or  around  science  and  matliematicB,  and  they 
have  not  had  authorizations  Uiere  and  very  little  discr^onary 
money. 

Now,  as  a  footnote,  though,  it  is  interesting,  my  memory  is  that 
after  Sputnik  the  funding  to  Dr*  Zacharias  and  others  in  trying  to 
redesign  ph:,sics  and  curriculum  and  the  like,  those  came  out  of 
certain  authorizations  in  tl»  old  Office  of  Education,  ndt  out  of 
NSF,  So  that  vras^I  am  not  quite  sure  what  pocket  that  was,  but  I 
think  it  was  an  OE-funded  effort,  quite  a  bit  of  that. 

But  I  would  say  that  it  would  be  inappropriate,  my  bias,  to  some- 
how say,  well,  Uiis  now  should  be  r^r»;ted  under  the  Depart- 
ment, given  NSFs  history,  its  credibility,  and  so  I  think  it  wovld  be 
wrong  for  this  thing  to  be  caught  up  in  some  big  jurisdictional 
deviate.  I  think  that  would  be  a  turf  warfare  that  we  don't  need.  I 
would  rather  see  NSF  move  forward  creatively,  and  if  the  Depart- 
ment can  find  ways  to  implement  through  authorization,  I 
wouldn't  discourage  that  But  I  wouldn't  think  a  big  hassle  should 
foe  made  over  who  is  in  charge  here* 

Mr,  Walgbkn.  Well,  let  me  expre^  our  appreciation  to  you  for 
your  being  with  us  this  morning,  and  we  loc^  forward  to  talking 
with  you  as  a  resource  in  the  future. 

Dr.  BoYQL  Thanks  very  muc^  for  the  time,  and  I  congratulate 
you  again  and  respect  your  leadership.  Thank  you. 

Mr.  WAiXs^wsH.  Thank  ycm  kindly. 

Let's  call  tl^  our  initial  jnnel — Bett^  Castor,  Dorothy  Shao, 
Ronald  Malone,  and  Mr.  Malone  is  accompanied  by  Mr.  Loeppke. 

Why  don't  we  proceed  in  the  order  in  which  1  have  introduced 
you  to  the  record,  and  so  we  will  start  with  Ma  Castor. 

STATEMENT  OF  MS.  BETTY  CASTOR,  FU)RIDA  aiMMISSIONER 
OF  EDUCATION,  TALLAHASSEE,  FL 

Ms.  CA<rrOR.  Mr.  Chairman  and  honorable  members  of  the  sub- 
committee, I  am  glad  to  have  this  opportunity  to  come  before  you 
at  a  time  of  unprecedented  a>ncem  for  the  adiievement  of  Ameri- 
can students  in  mathematics,  ^ence,  and  related  subjected 

This  topic  has  been  a  high  priority  for  our  Department  During 
the  i»st  18  months,  we  have  develoi^,  along  with  the  Florida 
Chamber  of  Commerce,  a  comprehensive  plan  to  improve  ma^,  sci- 
ence, and  computer  educaticm,  Bumnc^  leaders  and  educators  have 
worked  together  to  develop  more  than  100  •  recommendations 
toward  improving  student  performance  in  mathematics  and  sci- 
ence. Our  e(X)nomic  sinvival  depends  on  it 
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I  call  your  attention  to  the  executive  summary  of  this  report, 
which  is  submitted  for  the  record. 

I  have  been  asked  today  to  discuss  the  problem  of  the  distribu- 
tion and  effective  use  of  new  teaching  materials  for  science  and 
math.  We  should  not  foi^t  that  if  we  cannot  reach  the  teacher 
oehmd  the  classroom  door  we  will  not  make  the  difference  that  we 
want  to  make  in  education. 

Several  strategies  to  change  what  is  taught  and  how  it  is  taught, 
however,  can  have  m^r  impact.  The  impact  of  textbooks  on  cur- 
riculum can  never  be  underestimated.  However,  we  need  to  refocus 
our  tex^ooks  so  they  encourage  students  to  engage  personally,  to 
have  a  hands^n  experience  with  math  and  science  disrovery  and 
prdblem  solving. 

Leami^  through  application  must  be  a  key  focus  of  curriculum 
refonn.  We  m  Florida  are  working  with  the  Southern  Regional 
£ducation  Board  to  pilot  the  development  of  new  courses  in  princi- 
ples of  technology  and  applied  mathematics  through  our  vocational 

Srogram.  Academic  and  vocational  teachers  have  joined  forces  to 
evelop  these  new  high  school  courses  designed  to  strengthen  basic 
skills  throui^  applied  learning. 

I  understand  you  will  hear  more  about  new  textbook  develop- 
ments from  other  panel  members. 

I  think  the  National  Science  Foundation's  strategy  on  involving 
textbook  publishers  in  curriculum  reform  is  a  good  one.  The  key  to 
successful  implementation  of  these  new  and  different  textbooks, 
however,  will  be  ensuring  their  adoption  on  approved  textbook  lists 
m  Florida  and  other  large  states. 

We  frequently  hear  that  assessment  drives  the  curriculum.  Un- 
fortunately, much  araessment  in  our  nation  and  our  state  is  domi- 
nated by  minimum  standards.  It  should  not  be  surprising  that  our 
students  can  compete  rela  ively  well  in  mastering  basic  skills  on 
national  and  international  assessment.  What  is  alarming  is  that 
our  students  cannot  compete  in  either  applying  these  skills  or 
using  f^iese  skills  to  solve  problems.  Yet  it  is  the^  advanced  skills 
that  will  be  needed  in  the  Informational  Age  and  for  our  nation's 
future  economic  success. 

We  are  working  in  Florida  on  this  problem.  The  Council  of  Chief 
State  School  Onicers  is  also  looking  at  new  assessment  procedures. 
Modifying  curriculum  and  assessment  modes  will  not  produce 
better  students  without  better  teachers. 

I  cannot  over^mi  ..^ize  the  importance  of  familiarizing  teachers 
with  new  materiala  Tochers  have  often  been  an  untapped  re- 
source m  the  reform  movement.  Effbrte  to  enhance  teacher  preser- 
vice  and  in-service  education  should  be  the  basic  ingredient  in  the 
profescionalization  of  teachers,  the  nationwide  movement. 

One  way  teachers  can  learn  about  new  curriculum  is  through 
new  technology.  We  Floridians  are  proud  of  the  work  of  Dr.  Mary 
^dd  Rowe  at  the  University  of  Florida  and  her  CDROM  project. 
Science  Helper."  The  CDROM  provides  easy  access  to  a  thousand 
leswm  plans  developed  Uirough  the  National  Science  Foundation 
far  elementary  science  Instruction. 

We  are  using  it  in  a  number  of  our  schools,  and  teachers  are 
very  excited  about  the  limitless  possibilities  to  provide  appropriate 
hands-on  lessons. 
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The  expansion  and  use  of  CDROMs  and  other  instructional  tech- 
nologies is  a  high  priority  of  mine  that  can  have  a  m^or  p^itive 
imp^  on  improving  education. 

f  applaud  the  National  Science  Foundation  for  developing  such 
resources  and  for  their  current  initiative  in  developing  new  ele- 
n^ntary  curricula.  The  NSF  is  right  on  target 

I  am  glad  that  Congress  is  focusing  on  putting  resources  into  the 
education  mission  of  the  National  Scieni^  Foundation  budget.  I  un- 
^rstand  that  education's  share  has  grown  to  10  pen»nt,  but  I  be- 
lieve that  focus  should  be  substantially  enhanced  to  increase  the 
national  leadership  role. 

The  edu<»tion  of  our  young  people  in  math  and  science  is  a  ques- 
tion of  the  nation's  capacity  to  compete,  and  we  nust  have  the  re- 
source we  need  for  that  international  competition. 

I  have  some  recommendations  today  for  establishing  closer  work- 
ing relationshijMi  between  the  National  Science  Foundation  and 
state  policy  groups. 

First,  we  need  to  know  what  is  in  the  pipeline  so  we  can  avoid 
duplication  in  our  own  development  eflbrts.  It  would  also  be  help- 
ful if  we  could  regularly  be  informed  about  projects  in  the  develop- 
ment stage. 

Next,  communication  between  state  policymakers  and  the  Na- 
tional Science  Foundation  should  be  more  closely  linked.  It  would 
be  helpful  if  the  Foundation  could  take  a  more  direct  leadership 
role  in  assisting  states  to  reform  math,  science,  and  omiputer  edu- 
cation. 

We  would  like  to  be  able  to  turn  to  the  National  Science  Founda- 
tion for  assistance  in  developing  pilcrt  efforts  for  our  new  initiative. 

Next,  the  Foundation  could  most  appropriately  serve  as  or  fund 
a  cl^uringhouse  <rf  information  about  deiwlopments  nationwide  to 
improve  math,  science,  and  computer  education. 

In  preparing  our  comprehensive  plan,  there  was  no  one  mitral 
place  we  could  go  to  determine  the  state  of  the  art.  As  other  states 
joined  the  math  and  science  reform  movement,  a  clearinghouse 
wcndd  be  a  valuable  resmirce  center  for  sharing  informaticm  and 
strategics  among  states. 

Finally,  teacher  education  remains  a  high  priority  if  new  cur- 
riculum is  to  be  used  in  our  claasrooras.  In-8ervic»  prc^^rams  should 
encourage  the  active  participation  of  teachers  as  partners  in  rede- 
signing curriculum  and  refocusing  teaching  strat^es.  Preerviras 
prc^rams  shcnild  pay  close  attention  to  developing  math  and  sci- 
ence courses  designed  spmflcally  for  elementmy  t^urhers. 

Our  state  has  a  critical  shortage  of  math  and  wience  teachers. 
Current  figurea  show  that  we  will  produce  fewer  than  one-fifth  oi 
the  mathematics  teachers  and  fewer  than  10  pen»nt  of  the  science 
teachers  we  need  in  Florida  by  the  turn  of  the  century. 

We  must  do  more  to  attract  good,  able  young  people  into  the 
teaching  profession. 

I  am  proud  that  Florida  initiated  an  extensive  program  of  schol- 
arships and  loans  %veral  years  ago.  It  has  had  a  positive  effect 

SiTux  this  b  one  of  your  areas  of  interet,  I  have  attacl  h1  to  my 
written  testimony  a  summary  of  the  various  prc^rams  m  w  offered 
to  potential  teachers  in  critical  shortage  fields. 
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NBao»al  attention  and  •i'^^^T^t^^^^''^^ 

plan  to  move  ^<f^- .^,'^S%S-^rru:aiam  development. 

JIZ^irf^WM  ffiata  enhancement  rf 

tt";SU™tMS  of  if-fv^  for  mo«  teachers,  and 

*^  iSK^I^  ^"oL'StSt  »By  of  oar  compreheji. 
ai«'^*SScf  U>  cl^eted.  Ld  I  wouM  he  glad  to  respond  to 
any  of  your  questions. 
^»iSSete  prep««=d  statement  of  Ms,  Castor  foUows:) 
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Written  Tastinwny  Bvfora 


U.S.  Hous*  of  Rttpr«s«ntrat i v«t 

COMwIITTEE  ON  SCIENCE.  SPACE.  AND  TECHNOLOGY 


Mmrch  9.  1989 


by 

Th«  Honorable  Botty  Castor 
Comni as lonar  of  Education 
Stata  of  Florida 
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I  as  9Xed  to  have  this  opportunity  to  come  before  you  at  a 
tim  of  unprecedented  concern  for  the  achievements  of  American 
students  in  mathmatics,  science,  and  related  subjects.  During 
the  |>ast  18  months,  this  topic  has  been  a  high  priority  focus  for 
our  departJtent#  vorking  together  vith  the  Florida  Chamber  of 
Coamerce^  to  develop  a  ct^rehensive  plan  to  improve  math, 
sciencsf  and  conqputer  ediKtation  in  Florida.    Business  leaders  and 
educators  have  mrked  together  to  develop  over  100 
recoomndations  related  to  imroving  student  performance  in 
mathematics  and  science.    It  is  vieved  as  economic  survival;  our 
future  depends  on  it.    X  call  your  attention  to  the  executive 
sutamary  of  this  report  which  is  submitted  for  the  record. 

X  have  been  asked  today  to  review  the  problem  associated 
vith  gaining  videspread  distribution  and  effective  use  of  new 
teaching  materials  for  science  and  mathcmiatics  instruction*  The 
diffusion  of  nev  ideas  and  nev  materials  in  education  is 
difficult  for  s  ntsaber  of  reasons.    Education  in  this  country  is 
based  on  a  long  tradition  of  Icnral  control  and  local  decision 
making  by  school  boards.    iMare  a  state  can  establish  re^iuiriNi 
courses,  school  boards  vant  to  reserve  the  right  to  select  the 
curriculum  that  vill  be  used  to  teach  those  courses. 

Even  vithin  school  districts  there  is  tr^endous  variation 
in  how  courses  are  taught.    Classroom  instruction  depends  on  the 
experience,  teaching  style,  and  preferences  of  the  teacher, 
education  has  been  appropriately  descril^  as  a  loosely  coupled 
systM  ~  because  of  the  autonomy  of  local  schools  and  teachers 
in  determining  what  is  taught  ai^  how  it  is  taught.  Recent 
studies  of  reform  by  the  Rand  Corporation  (Steady  Work.  Elmore 
and  McLaughlin)  and  others  have  emK^asized  the  importance  of  the 
classroom  teacher  in  gaining  acceptance  of  any  innovation  or 
reform. 

We  should  never  forget  that  if  we  cannot  reach  the  teacher 
behind  the  classroom  door,  we  will  not  be  making  a  difference  in 
education. 

There  are  several  strategies  related  to  changing  what  is 
taught  and  how  it  is  taught r  however,  that  can  have  a  major 
ii^act. 


NBW  CURRXCULUMi    The  impact  of  textbooks  on  curriculuni  can 
never  be  underestimated.    However,  what  is  part  of  the  solution, 
potentially,  is  currently  part  of  the  problm.    There  have  been  a 
number  of  studies  recently  that  emphasixe  textbooks* 
prTOCcupation  with  coverage,  particularly  in  math  and 
science — too  many  topics  crammed  in  to  accommodate  everybody's 
interests. 
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Hecant  rMttarch  o£  eighth  grade  math  books #  for  example, 
have  docwented  the  rtsdundancy  that  exists  in  these  books.  Less 
than  50  percent  of  the  material  covered  ia  nev  material,    in  the 
f  irat  half  of  the  tentbooli  over  to  percent  of  the  material  is  a 
rehaah  of  topica  already  covered. 

StiMliea  of  science  textbooks  have  reported  memorieation  as 
being  a  primary  focus*    it  vas  called  to  ray  attention  that  one 
major  biology  textbook  introduced  more  nev  vocabulary  words  than 
an  introductory  French  textbook  at  the  high  school  level. 

One  can  only  question  the  appropriateness  of  these 
approacheSt  particularly  in  light  of  international  comparisons. 
We  need  to  refocua  our  textbooks  to  prcwnote  active  involvement  of 
atudents  in  doing  math  and  science,  experimentation,  discovery 
and  problem  solving,    Learning  through  application  needs  to  be  a 
key  focus  of  curriculum  reform,    vre  are  working  with  the  Southern 
Regional  Mucation  Board  to  pilot  the  develojsaent  of  new  courses 
in  Principles  of  Technology  and  Applied  Mathematics  through  our 
vocational  program.    Academic  and  vocational  teachers  have  joined 
forces  to  develop  these  nev  high  school  courses  designed  to 
strengthen  basic  skills  through  applied  learning, 

X  ui^erstand  that  ve  vill  be  hearing  more  about  nev  textbook 
developments  from  my  fellow  panel  members.    I  think  the  National 
Science  Foundation's  strategy  of  involving  t«xtbook  publishers  in 
curriculum  reform  is  a  good  one.    The  key  to  successful 
implementation  of  these  nev  and  different  textbooks,  however, 
vill  be  getting  them  on  the  textbook  adoption  list  in  Florida  and 
other  large  states. 


ASSBSSNXNTs    We  frequently  hear  that  assessment  drives  the 
curriculum.    Unfortunately,  much  assessment  in  our  nation  and  in 
Florida  is  preoccupied  vith  minimum  standards.    It  should  not  be 
surprising  on  the  international  tests  that  our  students  can 
compete  relatively  veil  in  mastering  basic  skills.    What  is 
alarming  is  that  our  students  cannot  compete  in  eiih'r  applying 
these  skills  or  using  these  skills  to  solve  problems.    Yet,  these 
more  advanced  skills  are  vhat  vill  be  needed  in  the  informational 
Age  and  for  our  country  to  succeed  economically  in  the  future. 
We  are  vorking  in  Florida  on  this  problem.    The  Council  of  Chief 
Slate  School  Officers  has  been  looking  at  nev  assessment 

Srocedurea  in  this  area.    There  is  a  tremendous  need  for 
eveloping  assessment  instnsaenti  and  nev  technology,  ruch  as 
simulations,  to  provide  better  asses^ent  of  the  problem  solving 
skills  that  ve  are  trying  to  promote  in  our  schools. 


TEACHBR  BNBAlfCSmTs    As  t  have  already  stated,  if  ve  cannot 
impact  on  the  knovledge  and  teaching  methodologies  of  s  classroom 
teacher,  then  our  efforts  vill  have  been  in  vain.    I  cannot  over 
emphasize  the  importance  of  educating  teachers  to  become  familiar 
with  nev  materials.    Teachers,  in  my  opinion,  are  an  untapped 
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r««ourc«  in  the  reform  maveMnt  and  efforts  to  enhance  f^acher 
preservice  and  inservice  education  should  be  compatible  with  the 
profess iona licet ion  of  teachers  movement  nation-vide. 

We  are  working  with  Or,  Hen  Tobin  at  Florida  State 
Univer«ityt  for  exanple^  in  sponsoring  an  ejcperimental  program  in 
elementary  schools  to  develoo  mentor  teachers  to  improve 
instruction  In  math  and  science.    The  results  have  beett 
impresfiivei  the  teachers  have  been  enthusiastic  partners  in 
working  vith  their  colleagues  to  nake  fundamental  changes  in  how 
»sth  and  science  is  taught.    Changing  elementary  instruction 
should  be  a  very  high  priority  because  international  tests  show 
that  we  are  losing  the  interest  of  students  early. 


USING  MKW  TKHNOLOCnr  TO  PROVXOT:  access  to  new  CURRICUUlMs 
We  are  proud  In  Florida  of  the  work  that  has  been  done  by 
Or.  Mary  Budd  Bove  at  the  University  of  Florida  in  her  CDROH 
projects  "Science  Helper,*    This  CDROi  provides  easy  access  to  a 
thoi^and  lesson  plans  that  have  been  developed  through  the 
national  Science  Foundation  for  elementary  science  instruction. 
We  are  using  it  in  a  number  of  our  schools  and  teachers  are  very 
excited  about  the  liftitless  posaibilitiea  to  provide  ai^ropriate, 
hand6-on  lessons*    The  expansion  and  use  of  CDROM*s  and  other 
instructional  technologies  is  a  high  priority  of  mine  and  can 
have  a  major  positive  Impact  on  iipproving  education* 

X  would  like  to  applaud  the  National  Science  Foundation  for 
developing  resources  such  as  this  and  for    ^eir  current 
initiatives  in  developing  new  elementary  Ca^^ricular;  they  are 
right  on  target* 

X  an  glad  that  Congress  is  putting  resources  into  the 
education  mission  of  the  National  Science  foundation  budget.  X 
understand  that  it  has  grown  to  10  percent,  but  I  believe  that 
focus  should  be  substantially  ennanced  to  increase  the  national 
leadership  role*    The  educarion  of  our  young  people  in  math  and 
science  is  a  question  of  n/^tional  survival,  and  we  must  have  the 
resources  that  are  necessary  to  wage  that  new  war* 

mc(MmeHMTtms  vm  an  mMtom  nsf  uwjbr^ip  nm^ss   i  have 

some  recoi^naendat ions  today  for  establishing  closer  working 
relationships  between  the  National  Science  Foundation  and  state 
policy  groups! 

IX)  We  need  to  know  what  is  in  the  pipeline*  We  need  to 
have  greater  access  to  information  about  what  new  curriculum  and 
other  assistance  we  can  expect,  and  when  this  will  be  available. 
We  want  to  avoid  duplication  in  our  own  development  efforts,  and 
it  would  be  helpful  if  we  could,  on  a  regular  basis,  be  informed 
about  projects  that  are  underway, 

(2)  There  needs  to  be  a  closer  conominication  linkage  with 
state  policymakers,    it  would  be  helpful  if  the  National  Science 
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Foundation  couid  tdk«  a  morm  direct  leadership  role  in  assisting 
atatea  to  rfjfo™  math^  science*  and  computer  c Jurat  ion.  For 
e»asqpile»  we  have  recently  developed  a  ccnnprehcnGive  plan  vhich 
propoaes  many  nev  initiatives.    We  vould  like  to  be  able  to  turn 
to  the  Kfttional  Science  Foundation  for  assistance  in  developing 
aoM  pilot  efforta^    Florida,  the  fourth  largest  state,  together 
vlth  the  support  of  its  business  leaders,  seeks  to  become 
involved  in  iwplementing  major  cc»Rpreh«nsive  reform  initiatives. 
^m  need  help. 

(3)  The  Foundation  could  most  appropriately  serve  as,  or 
fund,  a  clearinghouse  of  information  about  dcvelopnents 
natlonvide  to  improve  math,  science,  and  computer  education. 
This  clearinghouse  could  address  the  following  areas:    1)  state 
policies,  2)  new  curriculum  developed  and  in  the  pipeline, 

3)  assessment  developments ,  4)  textbooks  and  other  instructional 
materials,  5)  technc logical  advances,  €)  teacher  enhancement 
initiatives,  and  7)  innovative  projects  (what  works). 

In  preparing  our  comprehensive  plan  there  was  no  one  central 
place  where  we  could  go  to  determine  the  state  of  the  art.  As 
other  states  join  thi»  math  and  science  reform  movement »  this 
would  be  a  valuable  tesource  center  for  enabling  states  to  share 
information  and  strategies. 

(4)  Teacher  educition  remains  a  high  priority  if  new 
curriculum  is  to  be  uued  in  our  classrooms.    The  focus  should  be 
on  both  preservicc  ami  inservice  programs,    Xnservice  programs 
should  encourage  the  fictive  participation  of  teachers  as  partners 
in  redesigning  curriculum  and  refocusing  teaching  strategies. 
Preservice  programs  need  to  pay  close  attention  to  developing 
special  math  and  scien::e  courses  designed  specifically  for 
elementary  teachers. 

Our  state  has  a  czitical  shortage  of  mathematics  and  science 
teachers.    Current  figures  show  that  ve  will  produce  fewer  than 
one-fifth  of  the  mathematics  teachers  and  fewer  than  10  percent 
of  the  science  teachers  needed  by  the  turn  of  the  century.    U  is 
Imperative  that  we  do  more  to  attract  good,  able,  young  people 
into  the  teaching  profession.    To  this  end,  I  am  proud  to  say 
Flr^ida  initiated  an  extensive  program  of  scholarships  and  loans 
several  years  ago,  which  has  had  a  positive  effect.    Since  this 
Is  one  of  your  areas  of  interest,  X  have  attached  a  summary  of 
the  various  programs  now  offered  to  potential  teachers  in 
critical  shortage  fields,    national  attention  and  dollars  would 
be  welcOTied  in  providing  a  greater  visibility  to  the  critical 
needs  in  this  area* 


CCltCXUSIOii;    Thank  you  for  the  opportunity  to  talk  to  you 
about  this  critical  subject.    1  am  proud  to  report  that  Florida 
has  produced  its  own  comprehensive  plan  to  move  ahead.    We  need 
the  support  of  the  Federal  government  on  a  variety  of  critical 
topics— curriculum  development,  development  of  teaching  materials 
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and  resources*  enbar*  ement  of  teacher  preparation,  funding  of 
Incentives  for  mor^  teachers,  and  developsnent  of  new  assessment 
strategies. 

I  would  be  pleased  to  provide  fou  with  a  copy  of  our 
cOTprehensive  plan  once  it  is  completed,  and  I  vouid  be  glad  to 
respond  to  your  questions. 
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Thcdcvekjpmcfit  of  tfas  Comprehensive  Plan  has  been  a  jmnt  project  of  the  Rurida 
OianAcr  of  Onratncnx  a>id  the  Dcp^timsit  of  Edwaiiwi  to  itrakc  mxmimendaiionti  to 
impiovc  nmhcmaiics,  scknce  and  con^ter  ohicttkMi . 

This  plan  iqMtsaiU  dm  cotisaisus  views  of  a  teoadly  based  group  of  individuals  fnm 
the  buancss  ami  cdacwioii  communitit^  It  rc^escnts  the  best  ihiridng  trf  profe^jsional 
cAicamandiescaichcrsinthcficH.  Ati4  H  ttf«scms  the  goals  airf  sK^ions  wc  agiec  a^ 
necessary  for  the  State  of  Florida  in  Acquest  to  be  mcwc  con^titivc  in  a  world  ccomwiy 
increa^ngly  depcndoit  upon  sck;nce  and  teduudogy. 

We  defined  am  misshn  broadly  and  amhiik^  fM^efk^e  recommendations  to  mtAe 
Florida  a  vwrW  leader  in  mmhemasics,  science  and  cof^mu^r  edrnmion. 

The  stakes  ccmld  not  be  hi^.  In  a  worW  iiKieasingly  dependent  on  tlw  technological 
skills  of  its  workers  and  ilw  scwntific  liiu^y    its  citimis,  Flwkia  cannot  affond  to  be 
second  best 

We  quickly  dtscovcm!  that  educators  and  Imsiness  lesJm  alike  share  the  view  that  we 
can  — andinust-^inipixiveourcunentpeffoxinance.  Business  lemicrs  know  that  far  too 
many  young  p«>ple  leave  our  school  syston  without  even  the  rudimentaiy  skills  t^y  need 
to  survive,  kt  akmc  dirivc,  in  our  increasingly  techncdogical  economy.  Business  leaders 
know  that  corpoiations  will  locate  new  operations  where  the  best-trained  labor  supjrfy  can 
be  foumL  They  know  that  gitat  impioveancnt  is  nccxlod  if  Fkwida  is  to  retain  existing  funis 
and  ivmin  attractive  to  new  emerpdses. 

For  their  pan,  educaiMS  are  acutely  aware  that  some  cxi^ng  j^ngrams  are  ncH 
producmgtiiedc^  results.  They  know  tiialstudaits  do  not  receive  as  much  mesmingful 
instruction  as  they  shouW  in  ma&ematics  and  sacncc  in  the  ear^  Theyknowlhat 
tte  best  way  to  interest  stuteite  inniatbeinaiic3andsdaKeistomakcthese«ibjects 
cooaw,  real  and  exciting  from  the  ^art.  And  eduoflois  know  that  ibcy  need  support  in 
{^oviding  diis  kiwi  of  "hands-on"  learning  expcarieiKX  —  6m  their  own  iHejmmkKi  in 
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m^Kictfics  And  xrtctKx  rcquinrs  ctrntiiHied  updating  and  ihiu:  they  must  revisit  ihf  real 
9mid  of  science  and  icchndogy  to  keep  up  with      ideaii  arrf  dcvckqmicnis- 

We  cfmllcnged  ourselves  to  uddc  these  big  issiics;  -  to  develop  a  Comprehensive  t^ian 
that  would  focus  aiiention  on  high-Ievei  goals,  but  would  also  offer  pragmatk  suggestions 
for  die  jKXX^mplishnient    the  bioad  objectives. 

After  fifteen  mmifhs  of  meetings,  discussions  and  drafting  sessions,  we  have  agieed  on 
monc  than  100  j^xxific  recommcndalions  for  bringing  Florida  schools  to  the  forcfroni  of 
mathematics,  science  and  the  use  of  computers  in  education.  The  pnc^posals  contained  in 
this  ftpcm  teprescnt  the  thoughtful  and  cooperative  work  of  each  ana  eveiy  n^rn^ia'of  this 
Task  Fofte,  They  rcpnesent  ideas  th^  business  leaders  and  educators  ftom  many  different 
points  of  view  agree  ate  essential  if  our  goal  for  Fkwida's  schods  is  to  be  realized. 

The  need,  ttn:  diiection  and  the  pnuntks  are  clear  Ronda  tmsx  take  the  following 
immedia^  steps  to  assure  that  its  young  people  have  the  best  opponunit^  to  learn 
mathenmtics,  scienct^  and  tl^  use  erf"  computer  technology. 

•  We  imjst  assure  that  mathematics,  science  and  ctmiputer  education  axe  cxcitifig  to  our 
youngest  children. 

«    We  must  »ss>\m  that  students  leam  with  understanding. 

•  Wc  mn^  oveiwne  a  sehtm  shctftagc  of  te«:hars  who  arc  prepared  lo  teach 
madiematics,  sconce  and  cmifu^educatim. 

•  We  naist  retain  our  best  teachers  by  assuring  that  the  conditions  fcxr  the^r  fHofessional 
growth  and  tkvdofmient  aie  met. 

•  We  tmxsx  piovkk  teachers  and  students  with  statc<tf-die-an  technology  lo  suppoit  ami 
enhance  teaming. 

•  Wc  muK  anticipate  future  lahor-fi^c  needs  by  aniacting  the  best  students  —  o^ecially 
those  who  pirvioudy  have  been  umkr-teimsented  at  ^vanccd  fevcls  —  to 
maibeinatics,  scieiKt;  and  onufHiter  cdiH^atim. 
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•  Wc  must  invite  a  wkte  array  of  panncrs  to  help  in  meeting  tfv  chalten^, 

•  We  mim  take  bold  but  irralistic  steps  to  unplemcnt  this  Cfmiprtlmisive  Plan. 

The  members  of  ihc  Task  Fcwx  realize  that  puWicatkm  of  this  Plan  is  only  the 
begiming.  Wc  have  chosen  to  reptMt  camlidly  and  to  ^Kak  bcMy.  We  invite  you  to  nrod 
this  report  canrfuUy ,  and  u>  comidar  the  goals  and  actims  that  we  have  decided  must  be 
purstKd  Wc  inviie  ycHi  ai  the  same  time  to  cons^r  that  being  wurid  le;£ttiers  will  nKan 
sharing  a  common  unden>tai«ding  of  the  challenf^^,  a  ctmtmon  vision  of  the  future  and 
common  strategies  for  achieving  om  objectives 

Mmy  partners  will  have  to  march  together  if  our  goals  are  to  be  achieved.  New 
alliances  will  need  to  be  forged,  existing  ones  strengthened.  Indeed,  the  Ta^  Fonx  itself 
was  a  model  of  the  k  ind  of  coll;dx>rative  consensus-building  that  will  be  required.  It  is  in 
this  cooperative  j^irit  that  wc  call  cm  all  Floridians  to  join  with  us  in  helping  to  put  into 
place  this  Comprehensive  Plan  for  Icadcndhip  in  mathematics,  sciciKe  and  computer 
education. 

Bob  Ailiguod,  Chaim»an  Judy  Ambkr  Harry  Baum  John  Bcrnrculcr  John  Carroll 
ClKJiyiaictt  Ttnn  Denmark  Rockridc  Dkkens  May  Ann  DuPont  Susan  luiglen 
JohnGeil  JanKs  Glass  Shcrrie  Glass  Julius  Hcl>bs  Tom  Hopkins  BillHowden 
Ron  Hun  Pres^  Jones  Pat  Kelly  Katie  Knight  Kim  Maher  Bill  Maioy 
Nancy  McDonald  George  Mosakownki  Roger  (TUrien  (ieorgc  Rit-kus 
Mary  Btidd  Rowe  Kenneth  Tubin 


8 


S7 


EXECUTIVE  SUMMARY 

FINDINGS 

Ftorida's  economic  future  —  and  hence  the  prosperity  of  otf  iis  citizens  —  increasingly  wiU 
depend  on  a  wixk  fbree  dut  is  sechnically  Uienac  in  niaihcmwics.  science  and  computer 
technotogy.  Unfominately.  thcw  arc  dismibing  gaps  between  what  future  Ftatida  woilters 
sho^biow  and  what  today  s  Florida  students  are  karmng.  Fittingly  <br  a  tcpon  on  this 
subject,  iraxii  of  the  stwy  can  be  tt^d  with  numbcm. 

Demand:  The  Emerging  Economy 

Among  the  quaUtics  required  of  future  Florida  workeni.  none  will  be  more 
Smpoitant  than  ncxibility.  adaptability  and  the  desire  to  continue  learning.  CounUess  jobs 
thai  once  required  physical  Mrength.  manual  dexicniy  ar,d  repetitive  calculations  already 
require  ptoblem  solving  abilities  and  teamwotfc.  Tliesc  trends  appear  to  be  accderaring. 

Nowhere  is  the  need  fjr  skilled  workeis  more  apparent  than  in  the  fast-growing 
high-technolpgy  sector.  Florida  now  has  1,900  high-tech  companies  employing  150.000 
woritcrs  -  an  increase  of  244  percent  id  the  past  U)  years.  If  the  trend  continues,  within 
five  yea«,  Florida  will  rank  fourth  in  high-tech  jt*s  behind  California.  Texas  and 
Massachusetts. 

Future  job  growth  is  expected  to  be  particulariy  strong  for  medical  assistants, 
computer  systems  analysts  and  operators,  health  professionals  and  data  pixxcssing  repair 
peraoDS  -  m  requiring  ttchnkral  skills.  Die  nct-d  for  technically  skilkd  employees  wUl  be 
especially  acute  m  the  health-care  field. 
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•  Even  in  non-"high-lcch"  ficMs,  cktmnd  for  more  technical  sophistication  is  needed 
as  the  irse  of  con^uicrs  and  itlated  techn<^ogy  exjmiKis.  Fiathcrmcmr » the  need  far 
Icduiok^ical      scientiiic  liirracy  extends  beyond  enipk>yer  ft^uincnxtit^;  in  an  age  of  the 
""grtoohouse  effect",  getictic  engineering  and  the  like,  eitiTcns  ne«»l  ssnts:  undenitanding  uf 
tcchnotogical  i&sucs  to  make  informed  judgments. 

Supply:  Student  Perfbrmance  and  Pniparatian 

•  Fkinda  businesses  already  tcport  s^hoitages  irf  technically  skilled  workers.  In  a 
tecent  survey.  41  percent  of  Fkmda  corporadcms  said  they  had  tmuble  finding  qualified 
piofet»sional  technical  cmpkiyccs,  and  one  majc^  high-tech  finn  hires  W  percent  dfits 
professkml  staff  hem  out  of  slate.  WitlKmi  signiftcani  changes  in  the  ediKational  syMcm, 
these  shortages  arc  likely  to  increase, 

•  Only  half  of  U.S.  H-ycar-oWs  haw  any  '  w^hisiicatcd  understaiKting  of 
noathen^tic^"  and  a  tnajoray  of  IS-year-^oUs  arc  "pocwriy  equif^;xxi  ftR*  infonned  citizenship 
and  productive  performance  in  the  woikplacc,  let  ;dcmc  posisccondary  studies  in  science." 
according  to  the  National  Assessment  of  Educational  Progiess. 

•  Amcncan  students  coasistenily  rank  near  tf«  boncHn  on  iiucmational  mathematics 
and  science  tests.  To  the  cKicnt  state  data  arc  available,  Fkmda  students  tend  to  paform  at 
about  the  national  avciage. 

•  On  Tte  1987  State  Stwknt  Assessment  Tests,  26  percent  of  5ih-graders  couldn't 
solve  a  puichase  proWem  involving  making  clumge  from  $1;  23  pcrcoit  of  Kth  gnidcrs 
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coukifi't  lell  )hiw  muih  time  had  elapsed  between  two  events  given  in  days,  nKi^iths  or 
yean. 

•  WoniC,  the  pcrfonnancc  of  U,S.  smdenis  lends  to  deciea!^  over  ome.  While  U.5. 
Sth-giadeni  tanked  in  the  mi<klie  of  science  achievement  relative  to  sitmkmts    14  <Ahcr 
cmintrks,  VS.  %h-gnidcrs  ranked  next  lo  last  Pan  of  ihc  pn^iieni  is  thai  nwst  high- 
school  suidcnis  fulfill  ihcir  mathematics  and  science  rcquiianents  by  the  end  of  their  junior 
year,  and  few  take  advanced  courses^  Oily  14  peteent  of  RcKida  scnicffs  take  jrfiysics,  for 
instance,  and  less  than  10  penxnt  of  high  ?ichool  stocknts  take  calculus. 

•  Achkfvcmcnt  levels  for  minorities  and  females  (who  along  wiih  immigrants,  wili 
make  up  about  HO  penxnt  of  Flonda  s  new  workers  by  the  year  2(XK1)  lend  to  be  lower 
than  for  white  male  students. 

•  Althou{^  Florida  has  made  scmie  pogre^  recently,  it  appears  that  we  have 
basically  laisod  scoits  of  students  at  the  kiwtr  em]  <^  tte  scakr.  but  have  done  Itttk  lo 
impiovejyeiibnmnce  elsewheie. 

•  Tlie  poor  student  perfbrmaiKV  is  mil  suri^stng.  Conskkrlhat: 

—  The  average  U.S.  etetnoitaiy  student  sjwiids  only  20  minutes  a  day  on  sciemrc 
and  44  minutes  on  nuohemaitcs. 

—  DespiM^  studies  showing  that  bands-<wi.  experimental  teaming  is  nxwe  effective* 
84  pcfeent  of  instruction  in  secondaiy  school  mmhematics  aiKl  science  classes  and 
74  pi^een!  in  elementary  dasses  is  by  tocture,  a  national  survey  found 

—  Too  nwh  maihemmk^  ajid  science  odtK:ation  anic»ints  to  rote  metnorizatim  of 
disoese  facts  and  flonnalas,  with  tno  little  anetuion  lo  the  integratiod  of 
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imlheimtlail  and  scicniifK:  jmnctpte  and  pnxcsscs  ami  not  cfK:mgh  ctrqihaws  on 
letftiing  for  undemaiuliag. 

-  Too  nmy  textbooks  arc  iqxrtiQvc,       Mudy  found  ihat  70  percent  <rf  the 
material  in  on  Sth-gimic  textbotrfc  had  bwn  covered  in  |»evknLs  grwfcs. 
~  Despite  lecent  imiMovcments,  not  enough  Florida  Jttwknis  and  teachers  have 
adequate  access  to  computer*  and  odKr  in?iimcti<T«al  tcchimtogy . 

Supply:  Shortages  of  QuatiHed  Teaclicrs 

Between  1986  and  20(M),  Florida  is  expcctol  to  fmd\Kt  mly  1 8  percent  of  the 
mathematics  teachers  and  9.5  percent  ctf  the  science  teachers  it  needs.  Thus,  FkKida  will 
have  10  fill  ihcsc  positions  by  rccniiiing  wt  dr-ioaters  and  mw-iraditkmal  teadiers  (such  as 
ictiitd  engineers  and  scicniisis)     if  they  can  Hnd  enough  qualified  candklau^. 

Too  many  teachers  arc  unprepared.  In  1987  1988.  for  instance,  about  one  in  ten 
geiKml'kvel  mathematics  and  science  cinmics  arc  being  taught  by  teachcni  nm  certified  in 
these  fields. 

The  Uark  ot  pnrparatioa  is  especially  w:u«r  in  4e  lower  grades.  F:icmcntary 
education  ma>^  averaged  tess  than  a  single  Jjcmo^er  hmwr  in  mathematit's  or  scicikt 
during  their  juni«r  or  senior  year  in  college,  and  ncMic  look  an  upper  divisi^m  sciencs 
course. 

Despite  recent  impiwcments,  Hraida  teachers  remain  inadequately  compensated, 
ranking  27th  overall  nationwide. 
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•        Rf^  pncaii  of  U.S.  maibcmatics  u^lMrrs  aiu]  60  pmeni  of  sckmx  teathm  s^y 
1^  air  unpitipwd  m  use  compuicns  as  an  uistnictkmal  tool,  accoiditig  to  a  national 
survey. 

GOALS  AND  RECOMMENDATIONS 

The  Comprehensive  Plan  advances  fi¥c  basic  goals,  ^xm^panied  by  a  sciks  of  speciHi' 
noconuiMmcUfkms^  to  improve  maihonarics.  science  and  computer  education  in  Florida- 
We  conclude  with  a  call  to  action  to  all  Flohdians. 

Strengthen  the  Curriculiiin 

Goal  1:  Strenj^lhem  the  curriculum  in  matttematiaM  ndence  and  conniuter 
education  to  fNrepare  students  fcNr  a  society  demanding  a  high  degree  of 
technological  and  scientific  literacy. 

At  all  grade  ievtrh,  nrxine  ccmceptual  untkrstamiing  should  be  enctnaaged.  A  cutrkulum 
that  is  an  inch  tkxp  and  a  tnile  witfe  is  imutequate.  So  i^,  imc  nrnnmii^^km  of  unconnected 
fiacts  and  fomuilas.  Students  must  understand  the  irlatkmsbips  beti^tTcn  and  among 
mathematical  and  scienttfic  principles  and  {Hocesscs,  And  they  tnust  have  a  diance  to 
cxpkse  a  subject  in  depth,  Icam  lo  reason  scientificaUy*  exporuncnt  and  icst  hw  ahcnmnve 
solutions  and  reject  hypotheses  that  cannot  be  si^pporrcd  by  the  evidence. 

Funhennorc,  it  is  not  just  a  question  crf^  bringing  all  studems  up  to  some  univcii»ally 
»xeptaMe  miiunntm  level  erf  performance.  We  nnisa  cnate  the  c^^xmuntty  for  higher 
levels  of  achievement.  Specific  rcccttiuix^ndations  indt^c: 


13 


99-306  0-89-3 


67 


62 


Initiw  Amdamentil  cunic^ 

— Teach  nmhcnurk^  and  scktKc  on  a  daily  bam  mc^tmg  ctmyutcr  icchmrikigy 
whcie  appnopnale* 

—  EKpand  and  in^jgnttc  topics  covered  in  elementary  mathematics  and  scksnoc 
using  an  active,  pfoblem-sdving  jqi^pmi^h. 

—  BuiM  on  sixrees^ul  elementary  cunictila  now  being  used  in  Flonda  sichoois. 

—  Give  cktncntary  lenrheTs  stif^xift  and  a^isiancc  in  pnqparing  to  leacb 
mathematics,  science,  and  ccmtputcr  edmzation. 

Refonn  middle  school  curricula 

—  Expand  new  mathematics  concent  co^cnsd  in  middk  school  iii^hentatics  u 
imrludc  alge^H^  gc<»nctry,  esdmatkm,  pvobabiUty,  mtio  and  propoition,  and  Ipgic. 

—  Ensure  science  cotam  include  concqHs  in  physical,  Ufe  and  eanh/^pacc 
scicnixs,  and  science,  ia:hnok^y  and  society, 

'  -  En^hasi/^  the  use  of  con^tcr  technology  in  all  areas  of  the  cuniculisa 

—  Emphasize  "hands-on,**  imhlcm-ccnurfed  learning. 

Stiengdien  secondary  cumculum 

~  Maintain  die  high  school  requnemem  for  tbieeaedits  in  bodi  mathematics 
sciem^. 

—  Requiit  txnirses  tn  Imk^icaU  tard\/space  and  physical  science;  ayver  topics  in 
science,  technoh^  and  society  wad  the  histocy  of  actentific  tfxm^t  in  each  cour». 
~  Redesign  the  madvm^ts  ciffrmihun  to  inchide  oovmge  erf  nopks  in 
piolmUIity,  statistkrs,  algebra,  geonfietiy,  ttigcmwnctiy  and  calcuhts. 

—  Fhmde  a  financial  incentive  Uy  districts  with  2  FTE  finding  for  each  ^udem 
who  takesafouiih)Wof  mathon^krsGcsdoicefiDmaspedfM  Itsa  erf  courses. 
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ftovklc  snidkMOt  uK:«ilivc$  hm:h  as  wdghled  GPA  points  for  ^ying  fmnh  year 
madim^k^  or  science. 

•  Revkiw  aU  textbooks,  software,  and  for 
tiic  goals  of  ihc  Canpnet^nsivt  Pkm. 

RevitaiiM  Learning 

Goal  2:  Make  malhematkrs,  science  and  comptitiH*  education  more  exciting. 

Hie  most  cfTcctive  way  to  in^roveacmknw:  perfonnafw  is  (o  make  mathcnatics,  science 
and  con^)uta'insmicfkm  more  ^imilaung.  Slitftcms  shoukl  be  cxpc^  early  and  dftcn  to 
the  tJffill  of  discowy ,  to  the  advoinn^  of  oteeratkNi  ami  to  the  broader  insights  into 
smmifkprmdples  that  govon  their  world.  Specific  re^xmsncndaiicms  include: 

«        Expand  the  ieal*wodd  ai^Iicatson  of  mattonatcs  and  sciemx  concepts.  EncotUBge 
suet  ^Klivitics  as  coopcmve  educaticm.  amin^nity-scrvicc  {projects  and  intcmshij^ 
Hxp.i'xi     "Hional  coni^t  in  aca<femic  a)urses  and  acaikmic  content  in  vocational  courses. 

•  V  w  ^ '  ix  active  expcrimcntatxm,  teamwc^,  coc^)OTtivc  learning  and  critical 
thinking  duough  "spirit  ctf  science"  approaches.  Among  top  priorities,  teachers  should 
devote  sufCsiem  tkne  lo  'tianb^Tn/hiindsKiii''  teaming  through  laboratofy  wcHk«  ficM  trips 
to  sckmx  museums  and  similar  mrtivilies. 

•  Est^lish  a  business/educatkm  mmching-grsnt  paitnrarship  piogram  that  puvides 
funds  to  elementaiy  and  nsddte  scIkxiU  for  cntmncing  tt]« 

scknce  and  the  mstna:tk)ittl  use  a»ii9)utm* 
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for  loidersiaiidiiigt  aiid  10  dift^ 

*  PFpffiffd  sw^¥^^'  »yHgwviftg  iftsiiimcs  ftyr  <?lfinctniiffy  wA  secwKlgy  fgadifrs, 

*  Expand  sommcr  schcx)!  crfTcnngs  (o  include  advMced  as  wdl  as  iraiediil 
nMheatttk»,  scietice,  and  GOfn^^ 

*  Reni]Wf?oiKmic:ti<m^femivatfam,aiidi^^ 

«       Inamse  the  avaiMnKty  and  use  of  staie-of^-ait  u^nK;tmiaI  lectmric^. 

—  Rovkte  stodems  and  leacbcrs  with  gicaicr  access  to  moit  hard  ware,  ap|mi|«iate 
siAware;  phone  Uf>e«^MK3DEMa  ^  man  netwaridng. 

—  Expand  kmg-dtsuuice  teanung  dnough  SUNSTAR. 

—  Use  the  Mocfe!  School  Ccsmtium  to  hdpdemonstraic  »jccessltil  uses  of 
mstnictional  technology. 

Vrtpmrt  More  QitaUflcd  Teachers 

GmI  3:  Eicpand  the  nond^sr  iHT  quafifted  matt^nidtics,  sconce  and  omipiita- 
teachers. 

The  somas  ofixComi^hmivePkui  dkqpcmbhmdanintfallyontbeqtiaUtyof  cm 
te^AienL  If  wc  wantotar  stuctents  to  hcmftL  fam  a  nacre  sihroifartii^ifangiding  and 
intcgr^edap|roichtoni^hcinatics,s(^ncc«^ 
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imqifirifsg,mniiting  Aid  iminingd^  bestir  Specific  iec:amfiicfMiaii(>m 


*  Uetitify  and  rccniit  high^uality  students  u>  tt^ching  caims  tlvough  such  pmgrazns 
Bs^  FmiR  Echicaiois  of  Aineika. 

•  Expand  existing  ircruitn^i,  loan  and  gnuK  piograim  (Orocniit  ami  rexakk  quahfied 
icadieramdididts. 

•  Expand  effomioitoiut  and  odttcatcteiKrhmwitiin^  K»Kiiing 
l^^grDunds,  such  as  icUicd  civilian  and  ndliiuy  sciratists,  oigincers  and  teduiicians* 

*  Expand  die  capacity    Fkmda  universiti^  and  conmunity  coU^es  lo  pnoducc  one- 
ihisdctf  lhcstaie*siH»xjkdmathctnatic^sc^  within 
five  years. 

♦  Improve      ami  in-service  piognuns  loaisure  dial  clcmantary  ^^ters  are 
pioperiy  ppq»nDd  to  teach  matheniatks,  sciccKr  and  utilize  cc^nputm  in  all  are^^  e^abUsh 
cmificitmi  standaids  diBt  R»pint  pn^ 

•  CcHitinue  efforts  to  in^aove  the  ccmipen^tkm  (salaries  and  benefits)  of  all  teaci^rs. 
Andcansklcrsped«lincaitivcs(suchB$  llcx-Uanodicomi^  lo  recruit  and  mtain 
good  tottdKTS  in  subjm  an:as  with  critical  sboitai^  such  as  niathcmatics,  sconce  and 
computer  education. 


inchide: 
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•  QeaieflPW|TOfesskmalwoifcqwi^^  Give  feadms  move 
appov&ffik*  u  K»  acdianie  khas  and  sucot^ul  {Fniclice& 

•  MateavaiUbteeiqiftadedprof<»sjc^  Spodfic 
sitggcstioos  iadudc: 

—  EsirfytifihimliisdtuiefordieAdvaocem 
during  the  swiiiier. 

—  E9q|mndffidttfget  summer  h^seIvkxin^ 

faxiwkdgeandsldUsinmathanatkn^sc^^      theuseof  ccrnqniiCTsasa 
teacfaingtociL 

—  Pimkk  imxndv«samlit»a«icesfbrc)i^cfl^^ 
icsomcc  teachers. 

—  Eiqiandcq^miniiticsforxacf^ 

govomuejit  agencies  or  p  ^nuKMS  tboo^  tni|rtenis;.  .aiianotanew 

Rcscb  Out  To  Studtats  With  Special  Nteds 

GiMd  4:   Ircreim  oiotiv^iiHi,  iactntiTCs^  and  «4>|Miniiii!tics  tor  nojtiority, 
CHnate,  at-ririK,  disabled  and  ^fted  ^iHtents  to  pumie  |Mt>gniim  and 
carcem  la  Btttkemrtks,  scicoce  and  compirtar  edacatkm. 

Given  that  80  pcitcnt  of  EkMida's  new  wcricen 

fninar^kst  inanigiams  and  women,  and  that  these  ffonsps  tiadiiicmalty  have  been  undo*- 
iqaeceatcdicscfemifeandtedbj^fid^ 
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Bien»(«ndbciostpetfimttnoe.  Specific  lacumnaKfaifons  indtide: 

•  Stqjpm  occai^lazy  efforts  such  as  magnet  psngranxs  am)  cen^  for  academically 
atemed  stodems,  dcvdop  aifimati 

•  Teachmandpafcmsskaildcsvcrcom 
coimsading,  and  stress  ttschnok^relatcd  career  of^xmixni^ 

«  Encoarage  active  pamdpaimi  by  psinus  ami  comraimitics  in  madKxnsaics,  science, 
aad  programs  u^ng  confHa^  tcchix4o^  to  iincase  i»nt(^>^ion  by  inaia'-rqpiesenied 

«  Cofici^andimivmitM^shcHddiisedKC^ 

csnonmcistt  advanced  plactsncnt  and  financial-aid  awanb  to  largci  uMkr-irtm:soiicd 
giQUfn  lor  ii]alhcinatk:s,  scioicc  and 

Get  Rmlta 

Goal  S:  Iiii|daB»l  and  rHim  Oi^  Cam/mfiewifg  Flan  3s  necessary  to  make 
ratai«irttel,  meMirabh  iaafH^oveaaeila     matfcemitks,  s^nce  and 
oini^fcr  edu^stton  bj  1999.  And  re«exadntee  and  statefHde  md 

dassriNm  tcslSv  as  netfted,  to  aupport  the        trf  the  Piam  » 

win  take  to  micceed  tiatewKte. 
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•  EsoiblishairscaichBdvisocyoon^ 

—  EststiUsh  ftnd  refine  measures  of  success, 

—  WdA  w«i  the  tete  li|^«hKHBe  dis^^ 
CmtprthamvePkm  miimmKoexaf^iSmifcnskm. 

_  And.  wa^g  wnh  the  Dcpartocm  of  Btaottion  luid  !he  Cottm  of  Excellence 
in  M^ieimtkrs,  Sckncx  md  Ooo^^ 

•  Em»ura|^disirk:tsioifc«*ipaifi«ito 

•  Iiiitialcfimhcr(diimaig«dieIH)m 

(PEK^toftlqtnpn^pnHiisjttc^^  with  changes  in 

OassiQ0iDffi)d8»iA:wkfeic»»v;^^  They  Aivc  cuiriodisn,  send 

expmkmUtmM^oginsmu^cAMixmmm!^^  Tooisuicdiatt^apimqjfiaiely 
niea^ne  ihe  goals  c^ali^ished  by  ^  Ptoi,  sc^^ 
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Rtvkw  the  ^yiBtewkic  assa»Dicm 
gOBts  rf  the  C^n^hensi¥€  Plan ;  enq^hmxc  undoi^aixfiiigt  apfdkratioii  of  knowtedi^ 
ai^al  &ifildflg,  and  probion^sQiving  s^%. 

•  S«qqdesi)mpa|icr-aadiiafidl  testis 

skilis  as  prc^riem  serving,  oickal  ihinking,  tcasoniiig,  coopmtivc  IcAming, 
icamwGTk;  and  the  ai^riicatiooof  knowlodgc, 

•  BenmtgitaiDriiseofcakuibtQi^duri 
dispTOfMxtkMitttc  ainount  of  tiro 

•  Udluse  coit^^tuo'  sytcms  fcr  alternative  and  individualized  assessment ,  analysis, 
|>lamiing,  and  nqpcxting. 

A  HmI  Worii 

TTic  goal  of  inlying  mathcn^ics,  science  and  omqiutcreducaiion  is  not  just  for 
te^^fim,  students  and  policyntatenu  UisactaltengcsbairaibyaiZ  Rk^riaians:  pa^ 
busiira  executives*  imimunity  leaden  ai^ 

ITOspcrityandsocktal  weU4)eingdcpaidsOTwdl'«^  We  know.  too»  ito  in 

an  age  ever  mcHV  reliant  m  tccbmihQ,  dTec^n:e(faicaticm  must  tnciudc  iiKicased  teveteof 
lectaoh^gical  and  sciemific  fiieracy. 

TbemajCHity  (^Fkaidians  nmdimrdy  invdvcd  in  the  ediKradonal  cmicrpdse  iwvcnhdc^ 
cannnteanundiercrfiiTiportantaHHnlHi^  EwxllemperfcRTnancebepnswitbgjm 
ex{iecsa!i«is,  s^ml  the  Comprehefmve  Pkm  has  set  its  «gtes  high.  Wc  want  our  stintoiu  tt> 
be  Ac  best—  tomastiTdiffkndtsub^^xts,  tothin^ 
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To  poEfam  ID  ihesc  hif^hi  «Mid^ 

cntkccxiamBmty*  Wc  have  s«t»  time  »nda»m  how  ite 

ortwsi^  of  a  sdctw  iTOttcim 

cjicciitiw  am  make  a  tangible  dif^  Soch  mutually 

iciiifbira:*  pmncxriups  sl^^ 
IVii€c  makes  two  rec€iimien^ 

•       bicareascciqpeci^jiHttandrewaidac^  Having  ctenamlcd  cxalloKx,  we 

also  must  be  sore  to  lewaidotitsmiufiogachiev^^    Among  tite  more  jHtHni^ng 
iq|TO«Ki»s»  wt  emtwagecoirataimt^  in  maihcimiics,  scknoc  and 

Ac  use  of  CQOipu^  as  cna^rlcnlly  as  ilwy  ikw  honor  athletes,  pcrfonncrs  and  aitists. 

Esqiand  flic  piodui^ve  cnliitjomion  <rf  eduams  with  parents,  oommuiiiy 
lesomxst  business  aid  ifKi        Pwjgrams  such  as  Ae  Educaticm  ami  Industi^ 
of  *c  Hwida  Chmbcr  <rf  ODomi^ 

putnerships  with  indus&y.  Many  moit       aUianooi  are  needed. 

WoftdngtogcAer.ia//  of  Ftofib  will  bcncfhftoma  tedtnfc^iy  ^Ucd  wwk  force  and 

sciaaifi(»Hy  Bicote  diiMiHy  Am 

pmsperity. 
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«  t^F  «  OK  lUlTlht.  MAXIMUM 

A  fichol«trbhlp  loan  })i:oyi«iH  for  upfmr  UiVkbion  ti»«JuAte  Uvf  J   t^tuUtititt.  wiju  dm.)  1 

luU-t]me  IN  ftt^ttj  «pprov«^U  (.i  Atrial  &Jmir(»^ftr  cftea  itaciit;*   ^JuL.^tJuu  itiut^i  tin^h, 

Th©   AWAXXI    16    ibp<«ia    tluuu^ll   riotada   |>4ibllV    fiichuul    (t:i*ciUNiJ    btstVl*.^'   W4     jft    (  Wlljj 

nn  awarii  ot  up  tu  ^4,000  to  ImcvoRt*  a  rio^aii*-  pul^iic  fti:ht»oA  tcuch^jt       TJi,c  4<waiti  at,  i^paaU 
Ly  tciiUiJiJ9  »«{Vlct$  or  in  c«»li  wath  interfctit.     tut  ive«  ft^  wc  wc«t:  &tii«(  V*^  m^h*s  tuuit,  Umu 
aao  ttWurtl  p«r  hiyli  &j:Jwk>1  «ince  not  ull  Hut  aim  %mhliK  lu^i  tii^ho^i  t^iO^nt^^  tJayiblfc 
JHi«aai»««&. 


Critical  Tenchei 

R«4AUjt  semiflC  Iro^rw        $«99,410  2020*  1020*  $702 

t4>v*td  receipt  ui  certl  f  lc«tluo        yitiUuelts  dci^iee*  an  crttlCAl   t{)£icl*t>ra  £>li«^a  t  htttaa. 

'Atooufstfi  U«ted  «r«  b«4»«d  sw  a9«7  »e  bt«itfita<:a».  1988  4*9  e»t«.tJ  t^tlce  ntc  uot  nvmilnhltt  m% 
this  tim. 


Cratlcel  Tf»ecli«t  Shortnge 
StudflDt  Load  for^ivemiee 

A  pro^rAK  whici)  repays  cpHega  loetae  of  teechers  wtio  teech  in  ci  ltic»l  teacher  ^i^a  taitfe 
Bubject  eree».     StAti&ticii  lltiteiJ  »r«  for  J98?-ati  etetiecice  are  out  nvMilMliie 

el  this  tisuf. 


nxiHU^A  PEPARTWEHT  OF  KDUCATlt»^ 

orncE  or  sti«»skt  fihahcial  assistw^k 

#  or  •  or  INITIAL  WAXii*m 

fSi^  -.  ^mi^mrm   mMcm^    .  ..m^  ^"J-' 
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luittoit  And 
f««»  tot  3 


to  «nt«r  th«  t«»ch*ng  pro<»»»ion 


and  OJ»*M»d  V»tBi*n»  J47,7^S 


b2 


Tuition  «ihJ 


A  *tliol«rRlup  pxoyi»»  for  d«p«iHJti»it  ^ha  Ulrew  ul  ti 
or  »«rvicewr«  o»  Mirvicwitn  ^f«ic>-Uy  «.U»inn*d 


ul  tl«t;#a»ftd  01  JOO%  dii,ia^»*»i<  Viofiiirf  vtsiMinUh 
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Mr.  Wajujhkn,  Thank  you,  Ms.  Castor. 
And  we  will  turn  to  Mrs.  Shao. 

STATEMENT  OF  DOROTHY  J.  SHAO.  EXECUTIVE  EDITOR  OF 
SCIENCE,  SILVER,  BURDETT  AND  GINN 

Mrs,  Shao.  Thank  you,  Mr.  Chainnan,  memberB  of  the  commit- 
tee. 

I  was  invited  to  provide  testimony  on  on^  of  the  NSF-funded  pro- 
grams for  developing  curricular  materials.  Silver,  Burdett  and 
Ginn  and  the  Houston  Museum  of  Natural  Science  are  recipients  of 
a  National  Science  Foundation  grant  to  develop  a  new  elementary 
science  program,  and  I  was  a^ed  to  provide  more  infOTmation 
about  that  pro,^. 

The  name  of  our  project  is  the  Sdence  Connection.  It  is  a  supple^ 
mentarv  program  for  grades  1  through  6.  The  program  will  have  a 
o^^yr^t  of  1992  and  will  be  avaikd>le  in  printed  form  by  the 
sununer  and  fall  of  next  year. 

Hie  goals  of  the  Science  Connection  project  It  is  a  supplen^ta- 
ry  program,  and  our  intention  is  to  develop,  to  field  trat,  and 
mark^  an  elementaxy  sconce  cuiriculum  that  students  will  want 
to  learn  and  that  teachers  will  be  able  to  teach  within  their  exist- 
ing teaching  skills. 

The  Science  Connection  consists  of  three  imits.  The  basis  is  what 
we  call  a  Science  I>is<xiveiy  Reader,  whidi  has  appealing  student 
characters  that  diworar  how  to  solve  science  prdt)lems  in  the  r^ 
world,  and  through  tiiis  familiar  reader  format  elementaiy  teach- 
ers  can  present  science  concepts  in  the  context  of  student  experi- 
enoe& 

Another  component  is  the  Interdisciplinary  Science  Connection 
WoridxK>k,  in  which  student  activities  blend  science  content  with 
mathematics,  language  arts,  social  studies,  and  the  fine  arta 

I%e  unniistakable  mesrage  here  is  that  science  is  not  an  isolated 
content  area,  that  students  and  teachers  must  see  science  w  an  in* 
tegral  and  interrelated  component  of  what  is  taught  in  the  elemen* 
tary  grades,  and  int^rdisciidinary  activities  also  app^  to  chiMren 
whose  strengtiis  are  in  otmtr  learning  areas,  and  finally  this  ap- 
ptmch  draws  upcm  the  teachers'  training  in  teaching  other  arras 
of  tiie  elementaj^  curricultmi. 

The  last  component  are  Science  Discovery  Kits,  which  utilize 
very  appending  manipulatives  in  hands-on  sdence  activitiea  Re* 
scwrcji  ahows  that  children  learn  by  doing,  and  thc^se  kits  provide 
adence  invosAigations  that  students  can  do  by  themMlves  or  in 
small  grouper 

ThesB  kits  may  also  focus  on  sdults  in  science-related  careers 
w1m>  do  similar  activities  as  a  part  of  their  jdba 

So  the  wxms^  for  students  is  d€»r.  If  you  like  these  sci^sice  ex- 
pericaiGes,  you  £^ould  ccmsider  a  sdem»  career,  and  both  technical 
and  imtfeanonal  scitenoe  careers  are  featured. 

Funding  fnnn  tiie  Nati<nial  Sdrace  Foundation  is  available  to 
auppOTt  tibe  ^velc^mient  and  extensive  field  trating  required  for 
tiMse  new  curriculum  products.  Each  a>mponent  is  reviewed  by 
content  experts,  boti^  in  sdence  and  in  other  disdplines  addressed 
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by  the  product  CSomponenta  are  also  reviewed  for  their  utilisation 
of  ap|m»riate  scienoe  ^^ocera  ekiUB  in  problem  solving  situations* 

At  eaeii  grade  level  90  tc^ichers  wiU  field  test  all  three  compo- 
nents in  their  dassroom,  and  an  additional  50  teachers  and  educa- 
ton  will  review  the  materials  for  ap|>li<»hility  in  the  clafflroom. 

TbiB  review  prociw  is  occurring  in  10  states,  spread  geqgra^* 
cally  acioss  tito  naticm,  and  the  Baylor  CoU^  of  Medicine  Be- 
seardi  Department  is  coordinating  the  evaluation  effort 

llw  Science  Connection  curriculum  will  be  correct  and  will  work 
in  the  dassroom  before  it  is  marketed. 

The  Houston  Museum  of  Natural  Science,  our  i^ner  in  this 
project^  is  coordinating  curriculum  development  A  successful  sd- 
ence  museum  has  the  expertise  needed  to  develop  curriculum  ma- 
terials that  stuitenta  will  like  and  that  will  rdate  to  science  in  the 
rrad  world 

Hie  last  partner.  Silver,  Bu.'dett  and  Ginn,  we  are  a  mn^r  pub- 
Usher  dp  elementary  sdence  textbooks,  and  we  have  been  extreme- 
ly flwxenftil  in  the  elementary  sd^ce  market*  Our  current  Basal 
Kloi^tary  pro^^sct  is  one  ctf  the  best  selling  in  the  cmmUy. 

For  example,  in  ihB  last  two  yeara  our  elementarv  acien<^  prch 
gram  was  sAc^p/b^dhy  over  90  percent  of  schools  in  West  Virginia, 
awr  70  percent  in  Ftor^ia,  axKl  over  90  percent  in  Indiana. 

We  have  a  proven  reputaticm  as  a  l^er  and  promoter  of  quality 
adinioe  education  materials.  We  bring  to  this  pro|ed.  our  experi- 
ence in  devdoping  and  mariusting  ^ucation  materials  for  the  de* 
mratary  market,  an^  we  are  working  doeely  with  ^e  Houston 
Museum  g€  Natural  Sdence  to  produce  a  marketable  supplementa-* 
ry  scienoe  program  that  is  directly  correlated  to  most,  if  not  all,  el- 
ementary sdcmce  prc^prains. 

Our  sales  force  consists  of  over  150  sales  rei^resentatives  and  con- 
sultants, who  will  present  Uie  Science  Connection  program  along 
with  our  Basal  ESen^tary  program  to  every  state  in  this  country, 
and  one  proposal  under  ccmmiraticm  is  to  provide  a  sample  of  the 
Sciencse  Conroction  program  when  schods  purchase  the  Baml  Ele* 
mentaiy  Sc^ce  program. 

When  a  basal  program  text  is  iMidiased,  it  is  a  standard  practice 
to  provMe  ead^  teacher  with  a  teacter  ediUon  and  set  vi  teacher 
rescmrce  materials  for  every  class  set  dP  studrat  books.  Tfa»  teacher 
resmirce  materials  provide  aiUUtiond  cavities  and  ideas  that  help 
teadiers  customize  Uie  tc^hin^  of  sd«ice  to  meet  individud  stu- 
ctont  m^eds. 

So  now  these  teadier  resource  materials  irodd  include  a  gratis 
GG^  d  the  IntfandiKiidinary  Cimmicticm  component  of  the  Sdmre 
Omnect^.  A  ^unple  pM^k^  of  the  Sdence  Ccmnection  will  aim 
be  dtevdoped  to  disbibute  to  mterested  customers. 

Brochures  such  as  the  me  I  provided  and  kmmd  ads  and  com- 
merdal  wmkdiops  at  jnrdiessiond  e^tnce  eoucation  meetings  are 
ways  that  will  be  used  to  promote  the  prc^ram. 

The  8&moe  Connection  prp^ct  has  been  devdoped  to  have  tbe 
broadest  app^  to  the  mmnsdence  drained  elementary  schoolteach- 
er, aid  dnoe  tl^  nugoii^  of  tl^  elanentary  sduioltracherB  emj^- 
siae  the  tCTching  of  rsMing,  tli^  use  d  a  sdence  based  rra^  wiU 
rate  tibte  oimfort  levd  ot  teactors  and  minimiro  any  concerns  they 
may  have  about  the  lack  d  in-service  training* 
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Hie  temu  of  the  NSF  grant  allow  for  setting  aside  a  portion  of 
prolits  for  in-«ervice  training,  llus  fund  will  be  managed  by  Silver, 
Bunktt  and  Ginn,  and  with  tiie  approval  of  JffSF,  the  rompany  will 
add  its  own  monies  to  brraulen  and  enhani^  the  in-eervice  program. 
Thearefi»re,  the  more  micoessAil  the  program,  the  more  funids  avail- 
able for  in-«ervi(»  teaining. 

In  summazy,  we  anticiiraite  no  unusual  pn^-^ms  in  pnumiting 
and  distributing  the  program.  In  fact,  be^u%  of  the  in-servke 
ftic^  i^nerated  by  sales  of  ti»  pn^pram,  we  expect  that  the  Sd- 
ei^  Connection  will  be  even  more  wi^ly  used  than  most  pnK 
grams  of  this  nature. 

So  we  aiqilaud  the  Nati(mal  Scien<^  FiNindation  for  sponsoring 
this  grant,  withcmt  which  programs  «ich  as  the  Science  Connection 
could  not  be  develtHied.  By  providing  seed  money  for  the  research 
and  develofonent  of  the  inogram  and  by  building  in  provinons  for 
the  funding  of  innefravioe  pragran»,  NSF  has  created  incentives  to 
the  lni8in«is  community  ftnr  developing,  pr(»noting,  and  improving 
the  t^kching  of  science  in  this  country. 

Tlumkyou. 

[Hie  omnplete  prepared  statement    Mrs.  Shao  follows:] 
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tVi:  The  XJA  Houm  tai  IRgspt^emmMivm 

Committee  cm  SdeiH^,  Specet  and  Tedmoktm 
Subcommittee  on  Sdeioe,  Research,  and  Tedmolc^y 

Statemmt  prepared  by:  IXin^iy  J.  Shm 

ExeculiTO  Editmr  cd'Sdence 
Bhrer,  Burdetl  &  Ginn  Ik. 
Morrielown,  New  Jersey  07960 

THE  SCIENCE  CONNECTION 

A  imi^  ftu^M  by  the  Natioiial  Sdenoe  Foundation  and  product  by  Silver, 
Buntett  ft  Ginn  tnc  and  the  Houston  Museum  of  Natural  Science. 

PrqleeCGoala 

THE  SCIENCE  CONNECTION  is  a  three*part  mipplementary  science  curriculum 
(Grades  1-6)  with  the  fiOlowing  goals: 

I:    To  create  an  interesting  student-oriented  narrative  reader  that 

sttp|4emcnte  and  expaiKi^i  the  edmee  tektbo<^  wUle  appealing  te  the 
'*re»hng-based'*  elementary  teadier.  'Ous  component  is  called  The  Science 
JKscooeo^  Reader. 

2:     To  d^^sign  a  series    related  interKtive  hands-^in  activities  packaged  in 
the  most  nonthreatcsiiiv  and  facilitating  way  pMsible.  This  component  is 
<»1I  The  Science  Shoebox  ICt 

3:     To  extend  this  sdem^i  curriculum  inte  o^r  omtent  areas  and  into  the 
community  through  stimulatii^  activities  and  pnyects,  eadi  (me  packaged 
to  appeal  to  the  mm-science- oriented  student  ai«l  teKher.  These 
activitiw  are  called  3^  InterdiMciptinary  ConneOum. 

Cumulative  Goal:  To  imduce  a  stete*of4he-art  scteiice  curriculum  supplement  that 
will  give  the  "sdence-sJiy'*  elwnentary  schodl  teacher  innovative  materials  to  extend 
sdaice  teadiing  beyoml  the  textbook. 

I^n^ect  Scopa 

Eadi  conqpcment  d'THE  SCIENCE  a}NNECnON  has  ite  own  interactive 
apimiach  ami  stre^sths  and  can  be  used  irdependently  of  the  other  two 
compcments. 

In  The  Seknee  Diwmry  Jfiteader,  concepts  are  introduced  within  the  ccmtext  of 
stiaient  experi^tices,  nibsr  than  bdng  prescmted  aa  d^boitions  to  be  iromorized. 
The  informal  narratives  show  scienos  comTSS^  as  they  are  ai^lied  and  are  fun  for 
stvKtentotoread.  Critied  thinking  questiims  that  aak  si^ui^te  to  apply  thiiir 
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faiQrtrfedgB  (thei^  ahowiog  an  lawiw^ 

totoiw«ii^ulariyUm»ujKmtl^  amies  are  awr^fully  compo^, 

coos^loiiig  itodont  imding  levda  and  p^Iaymit  gviileUnes  for  rea<ters  at  eadi 

tead»r»,iiiaixN[ai«iiiquiry  Student  diaiwters 

serteaawiemodetelbrthowider^  Le«ai>i»teiiiitheTeai*er E*tioncon^^ 
pf^^tolinftraialkmtolii^teac^  Anaudw  tapis 

fhat  dramatizes  mdh  rtory  is  also  primded  witii  Tim  Science  XK^cm^ry  Reader, 

Tite  SUeiM  SAflvto  Kla  pxtivi 

iiianipiilati¥»     i^^mt^md,  haivfaHin  ^vitte,  paekai^  in  shodboxes  or 
e4uindaat  containm.  T*»mi  kits  will  imka  "doii«  9ciim:8**  convenient  and  will 
teiUMe  todividiializati<m.  Eadi  Sciom  St^oebm  eonUans  ofcijectives,  instructions, 
amatenahtist,inampulati^»aiid8t«deaitacti^^  An  introductory 

section  fiw  U^ad^tra  ptwid^  suffle^Mms  for  ^actively  using  each  Science  Shoebox. 
the  ShGM^  activities  coonKnate  with  tli^  plot  mA  ^e&sn  of  stori^  in  7%e  Science 
Discom^  Reader, 

T%e  InHntisdplinary  QmnectiM  relates  the  comq^  developed  in  the  texUnrnk 
series  and  in  TAe  ScteiMre  Di^&ery  Rmder  to  other  school  disdirfines  and  to  the 
students*  outH>f-«diodenvin»inimt  This  ocmipc»wttt  jmmdea  the  following 
iitterdxsciplittary  product: 

1.  Tl»  Mathwnatics  Conmctimi  (mattematics  mc^  Ivities  keyed  to 
grade  level  ami  designed  to  involve  quantification  of 
otmoepts); 

2.  The  Social  Stiulks  Connectiim  (soctid  ^udiM  Mtivities 
involving  geography,  histmy,  goA  wcietal  roles); 

3.  Tlie  Lai^guagB  Arts  Ctmnection  (langi^^ 

induding  grammatitsl  ccmstru^cms  and  writing  skills); 

4.  Tk»  Rne  Arts  Connect  (fine  arts  activiti^  rdating 
sdmice  ecmoepts  to  art  and  murii^,  and 

5.  Tlie  Omm  .mitf  ConiMtion  (mnltidi«^|flinaiy  activities 
iiinilvuig6cie(»»mtheoimunujuty).  A  videotape  accompanies 
this  Connection. 

THE  SCIENCE  CONNECTION  is  an  intmliscipiinaiy  fwtigram.  The  narrative  in 
lTteiSt««ce«acwefy/ta^  Its  discussion 

qnssticnsai^  also  IaiHra««e  aits  activitiM.  The  Ir^!rd&sd$dinafy  Connection 
pnmdM  mathematics,  sodal  ^udies«  Am  arts,  language  arts»  and  community 
activities  ttot  correlate  with  each  sdaace  unit  Thiem  interdi«^pUnary  activiUes 
aie  developed  at  the  appropriate  acwtemiclevd.  Tbadters  are  encouraged  to  use 
the  sdewje-ielated  activities  to  provide  a  n«>re  aribesive  academic  experience  for 
^ffilents.  2%e  Sdenm  Shcebox  Ki^  focus  lai  the  jmjwss  ^ills  that  are  components 
of  any  proUem  solving  curriculum. 
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THE  SCIENCE  (X>NNKniOH  is  drained  to 

^Q^A^al^^yiew^etpmlmc»  In  iraoy  tnalanoea.  trachm  who 

caa  vBriwUtt  sdenoe  {oindptai  in  dsMOom  pmn  tatkoihm  diflbnzltjr  oring 
tboMfoiiiefplMto^iplaincdMm^^  THE  SCIENCE  CONNECTION 

imyfiibt  a  Mrmtim  tii«t  Idiom 

^adeitfa  tiae  cwicqpti  to  aij^hrin  dhq^dcl^  Tliis  curriculum, 

iiMbi  n  acoonipaiiyiiiff  iraimr  key t  CMi  rahonco  «a  ^oMitftTy  temtex's  abiKty  to 

TBE  SCIENCE  C(»iNSCnON  win  bo  iMidu«ad  1^ 
(Sim  mm  waysimmainftameii^ 

tatbookpnicniiL  THE  iKIENCSCONNECTIiKldbes  not  have  tfaeacie 
Oittlefit  ooai|ioamt  timt  win  a&ow  it  to  T^qplM 

taacto«widioth»rtortbo<toOTiwthothOTfoOTiis^  A 

ooRvlotiQn  ■»"**'iyg  ooc^o      oocfiimofio  of  oontoni  oiisto  acroos  the  boaal 
rioiMntttfyodaiootoKtlNXikptogr^^  Teachers 
can  oaailymiaa-nfeamelHE  SCIENCE  CONNKHION  with  their  spedfic  etato 
or  dMitel  edooai  ol^eothm  and  with  an  t«Aook  pti^^ 

INrtrOmtiwt  and  baarvtea  Training  or 

ShrerBonlett&QinnhaBbc    vjlnaw^  auooeK&l  in  the  ekanratary  science 
market  Our  caiivnt  basal  denmtaiyimigramte  one  ctf  the  b^t-selUi^ 
in  the  country «  Within  the  last  two  yws,  the  program  was  adopted  by  over  90%  of 
sdMMls  in  West  Virginia,  0^70%  in  flcnridatan^  Wehavea 
proven  nnimtatiim  as  a  leader  anl  pncHnoter  <^ 

SUvM*  Buidett  &  Ginn  brings  to  tUa  imyect  <mr  ex^^ 
nauketing  educational  materials  far  the  dtrnwitniy  maAei.  We  are  working 
d<»ely  with  The  Houston  Museum  of  Natural  Sde^  to  produce  a  marketable 
8op|deB»ntBry  sdcoiGe  pnqpram  that  is  directly  correlated  to  mo^  if  not  aU , 
eUrmwitBTy  acianee  psngrams.  Tta  sales  ftroe,  coMiating  rf  oter  150  sales 
rq^ftssntRttvee  and  comtdtasto,  wOl  pr«^ 

iiiugnun  akmg  with  the  oar  basal  elementary  program  to  erery  state  in  the  country . 

One  propoi^  un^  ooiaiiferation  is  to  provide  a  samide  of  THE  SCIENCE 
CONNECTH)N  progi'am  when  schools  purcha^a  the  basal  elmientary  Bdanoe 
Program,  Wlwo  a  basal  profrani  teat  is  purchased,  a  standard  practice  is  to  provide 
eadh  teacher  wtth  a  TsadwEditiQii  and  a  set  itf  Tn^nr  Rmnuce  materbds  for 
every  dnss  set  tfpuidibocdcs.  TlieTeadt^Resmsrceniaterials  provide  a^tiomd 
actSviliea«  faleM,  mid  woikaheeto  to  hrip  leadiers  customiie  the  teaching  irience 
to  meet  individual  studraitneedi.  Those  TemSmr  Resource  materiala  include 
agintisaqiyofT^liil^ndEiadi^^  SCIENCE 
CONNECTION.  In  this  mmmer,  a  **sl}ce**rfTH£  SCIENCE  CONNECTION 
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Cmffram  inmU  be  received  by  em^ 

A  IHiclttgQ  <^THE  SCIENCE  CK)^^ 

dislxibvUv  to  immsled  ciiito^  Bnicha2W,ffiichMlliec»ieattiKd»Klt 
acb.  9nd  commmABl  weAthogi^    prafiMmmil  eckme  edacaliafi  meetings  are 
othw-wayathatwiBbeusrftoiaroii^ 

THE  SCIENCE  CONNECTION  imQect  haa  hem  dev^liiped  to  have  tte  broadest 
anp^  to  tlia  fMai-acknoe^xaii^  Sbob  the  m^^riiy  of 

dgmcntary  admd  tMcbers  etnpliaRae  the  Cmdiing  of  remlingt  the  use  of  a  sdence- 
baaed  reader  will  ndee  the  comfort  level  of  feeaehers  and  minimm  any  concerns 
th^  jaaj  have  dmtfc  the  ladt  irf'iiiaervm  traim^ 

At  pvesent,  ninety  teiKheri  are  fidd^eeHngtluififUi-gradeoia^^  The 
materia]!  are  explained  to  the  Uadm^  aai  shmld  it  be  seeded,  fiirther  clarification 
can  be  Stained  by  calling  tl»  fidd-test  site  co(»rdinator.  The  Umchm  are  free  to 
ttse  the  materials  as  they  see  fit 

PreSimnary  reqKmse  riiowa  that  tc^K^rs  have  used  the  materials  in  a  variety  of 
dasaroom  settings  with  hHte  moo  inservice.  They  repart  that  the  materials  do 
indeed  wori^  with  studmts  and  are  easy  to  use  and  underBtand  Similar  Geld  tests 
wUl  be  conducted  for  all  graitea, 

Tiw  rMults  ofti^  ficdd  teats  will  be  used  to  revise  the  materials  to  make  them  even 
more  ajppeaUng  and  usalde  by  teachers  and  stodenta* 

Ihe  terms    the  NSP  grant  allow  for  si^tiiv  aside  a  portion  of  profits  for  Inservice 
training.        (bad  win  be  ma^ed     Sil^  Buardett  & 

of  NSF»  the  company  will  add  its  own  OMmns  to  faroiulen  and  enhance  the  inservice 
pfugianii 

The  more  succeaeAil  tl»i  {m^q^ram,  t2u»  mome  fands  available  for  inservice  training. 

In  summaty,  we  antadpato  no  unusual  farcHemB  in  pmmoting  and  distributing  the 
prognun.  fa  fact,  because  cftheins<girkefiittib  generated  by  sa^ 
we  expect  that  THE  SCIENCE  CONNECTION  will  be  even  more  widely  used  than 
most  programs  of  this  nature. 

Reports  of  the  poor  pmformanoe    United  Stotes  sti;Miento  in  math  and  science  have 
be»i  widely  puh&jaed.  We  applaud  the  National  Science  Foundatkm  for 
spca^Kiring  this  grant,  without  wfaidi  programs  such  aa  THE  WHENCE 
CONNECTION^  could  not  be  developed.  By  providing  seed  money  for  ti^  r^arch 
and  develqHDent  of  tlw  programs  and  by  bmldiog  in  provisifms  for  the  founding  of 
imtarviee  program^  NSF  h»  cr»ited  inceiitives  to  ^  busii^ss  conununity  for 
devebqnqg,  imunoting*  and  inu^roving  the  toachit^    science  in  this  country. 
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Bi^prMucal  ^wtdi  of  Doro^  •>> 

Mn  Shao  is  the  En!CuUve  Editor  of  Science  at  Saw,  Bunktt  &  Ginn  Inc.,  a 
aOiidiMyofSuBMi&SdnMterfac.  IWorto  joimngtlujajmpany  fiw 
•be  wwked  ia  U»  devdoimamt  of  acwoce  torts  at  Hdt,  Rmehart  &  WiMton  Inc. 
S)»      a  middle  «*ooi  sg awe  teadier  fbr  four  yem  befere  entenng  the  nadf  f 
poltUaiiing.  Mr*.  Sua  has  an  EdM.  dfigrae  from  Harvard  University  and  a  B.S. 
fnm  CMnril  Uniwsitiy.  She  resi^  in  Chatium,  New  Jersey,  with  her  husbanfl. 
WiUisin,  and  two  children,  Julia  and  Andrew. 

Mrs.  Shao  is  reqwnaibte  fcr  the  derolopniiat  of  aU  sdence  rroduct,  Iwidergarten 
through  jomorSSscbool  faan  the  idea  stage  through  bound  book.  Silver.  Burttett 
&  Gtoa  Inc.  cwwntly  puMiehes  a  hi|*ly  sunceaatul  elementaiy  science  program 
and  two  junior  hi^  programs. 
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J&r.  Walgrbn.  n-^nk  you,  lbs.  Sbao. 

We  wUl  go  on  tiien  with  Mr.  Makme  and  Mr.  Loeppke  as  weU. 

STAIEMENT  OP  RONALD  R  BIALONE,  PRESIDfiNT,  KENDALL/ 
HUNT  PUBLISHING  CO^  DUBUQUE,  Li;  ACCOMPANIED  BY 
LARRY  a  LOEPraE.  ASSISTANT  VICE  PRESIDENT.  ELEHENTA- 
RY/HIGH  SCHOOL  DIVISION.  KENDALL/HUNT  PUBLISHING  CO. 
Bfc.  LoKPPKE,  Mr.  Chairman,  Mr.  Malone  has  requested  that  I 

mate  these  conuawnte  to  ihxs  committee  as  the  perwrn  in  cfaarse  of 

tto  Etoaitaiy/Hifi^S(AiodDivimon<rfthecom>ny. 
Mr.  Wammw.  Pine. 

Mr.  LOBPFSX.  Tliank  you  for  the  opportunity  to  ape.  to  you 
about  K«idaU/Hunt  PuhUshing  Company's  efforts  to  seh  and  im- 
plCTsaat  soence  edi«»tion  materials  devdoped  with  National  Sd- 
eiKB  Foundation  sajqport 

I  am  going  to  focus  my  comments  on  our  experience  with  the 
new  high  ajod  dwmistry  textbook,  ChemCom,  developed  by  the 
AmraiCTn  Owmi^  Sodetywith  mpport  and  ptfiished  by 
Kendall/Hunt  m  Januazy  1988. 

You  should  also  know,  however,  ihat  KendaU/Hunt  is  the  pub- 
UshOT  for  several  other  textbooks  which  have  their  origins  in  NSP 
fimdmg  or  are  currently  being  funded  by  NSF  in  their  developmen- 
tal stages. 

Two  vr^jcta  ^  relevance  to  tiiis  discussion  are  the  science,  tech- 
^'j^^'./ji  "^*y  curricula  being  written  for  elementary  school 
*™^J5?^*"?.^?*~"  ^  ^8SCS  in  Colorado  Springs.  These  two 
proiTOts,  which  we  expect  to  have  on  the  market  inlgQl  and  1993, 
wm  feoe  a  market  environment  similar  to  the  one  that  ChemCom 
does  today. 

Al^nii^  I  am  going  to  mention  some  barriers  to  product  imple- 
mentation, v^are  eiKited  about  the  market's  response  to  Chem- 
Com so  fwr.  We  coe  the  signs  erf  positive  cimage  in  science  educa- 
™  V'^*"**,'^*'  you  to  the  article  which  appears  in  the  cur- 
J^L^^i^^  and  fSto,  the  review 

joum^  of  the  American  Association  for  the  Advancement  of  Sd- 
xiyou  are  mterested  in  some  of  our  ideas  on  that  Auther 

to  implementation  of  a  new  curriculum  like  diem- 
Vam  feU  mto  two  general  categories:  structund,  whidi  has  to  do 
wim  the  basic  orgamaational  steicture  of  the  curriculum  in  our 
higi  sdwoto,  and  procedural,  whidi  has  to  do  with  the  pedagogical 
method  and  styte  modeled  for  and  used  by  teachers,  the  tests  used 
to  measure  ac^mic  succe^  and  the  m^y  in  which  colleges  are 
training  new  tesKbers. 

FVom  a  structural  point  of  view,  high  schoolu  do  not  have  a  ready 
made  CTirnculmn  home  for  a  course  such  as  ChemCom.  While 
UhemOwn  s  target  audience  is  the  90  percent  of  the  student  pmnila- 
twn  not  committed  to  a  career  in  science,  current  high  school 
chOTSirtry  courses  are,  by  and  large,  prevocational  in  nature:  that 
is,  thQf  are  intended  to  prepare  students  for  a  college  chemistry 
course,  which  is  &«i  mtended  to  prepare  students  for  a  career  in  a 
SGwnce-related  field. 

WW  OiemCom  is  teing  succesrfully  implemented,  a  new 
course  m  the  curriculum  has  been  created  which  does  not  replace. 
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b  *  ^8  an  alternative  to,  the  traditional  prevocational  chemistry. 
T;  typically  requires  tiiat  ibe  entire  amool  district  administre- 
ti^a  be  involved  in  il^  decision  to  teach  ChemCom,  and  as  a  result, 
a  very  different  mariceting  ^rategy  is  required  on  the  part  of  the 
publisher.  , 

After  one  year  on  the  market,  I  am  happy  to  report  to  you  that 
more  than  400  school  districts  are  using  ChemCom  and  therefore 
experimenting  in  some  way  with  this  change  in  their  curriculum 
dengn.  This  is  not  only  a  result  of  Kendall/Hunt's  sales  and  mai^ 
keting  efforts  but  also  a  direct  result  of  the  five-year  writing  and 
field  testing  process  coordinated  by  the  American  Chemical  Society 


I  would  mention  parenthetically  that  current  NSF  fimding  <^  the 
two  BSCS  projects  mentioned  previously  ia  for  onh^  three  years.  In 
order  to  keep  witiiin  NSF  budjget  guidelines,  ^CS  found  it  neces- 
sary  to  cut  l»ck  on  the  length  and  number  of  field  tests  that  were 
originally  planned,  and  this  is  unfortunate,  axux  both  B^!S9  and 
Kendall/Hunt  believe  this  will  compromise  ti»  product  in  the  first 
edition. 

Also  from  a  structural  point  of  view— back  to  ChemCom— state 
curriculum  guideline  are  built  on  the  ciurent  prevocational  sci- 
ence education  model.  If  a  state  ado^on  committ^  adheres  dose- 
ly  to  its  guidelines,  any  »nence  textibook  tiiat  places  an  emphai^ 
(m  teachmg  science  in  a  personally  and  socially  rele^rauat  context 
will  be  seen  as  deficient  in  content  There  is  <mly  so  much  time  and 
space  in  a  year-long  chemistry  course  in  high  school.  In  fact,  the 
b^ter  the  evaluation  instrument  used— take  Virginia's,  ftn-  exam- 
ple—the more  of  a  barrier  to  the  implementation  of  new  science 
curriculum  it  is  simply  bwause  it  ev^uates  tiie  new  science  mate- 
rial against  the  old  science  curriculum. 

It  m  quite  clear  that  in  ord^  to  provide  a  relevant  context, 
which  Iftffif^iwg  rraearch  shcms  is  the  key  to  long-term  memory, 
mnoB  hard  dioiceB  have  to  be  made  about  wlmt  science  focts  not  to 
teach.  Ihe  authinrs    CSiemCom  have  done  this  jc^  admirably. 

I  think  most  of  us  would  s^ree  that  all  of  our  interests  would  be 
betto*  served  by  dtissens  taking  into  ths  vexing  booth  an  uimI^ 
standing  of  chenustiy  in  the  environmait  rather  than  the  remem- 
brance of  who  first  theorized  atomic  structure. 

Nw,  from  a  procedural  point  of  view,  new  science  curriraila  like 
ChemCom  requires  a  pedagogical  sta'le  with  which  the  m^fori^  of 
teadbers  are  not  comfortable.  With  ChemCom,  and  most  other  Ken- 
dill/Hunt  science  materials,  t^hers  are  asked  to  be  facilitators  of 
student  inquiry  rather  than  purveyors  of  truth,  A  teacher  must  be 
able  to  operate  in  this  kind  of  cooperative  kerning  environment  al- 
ready or  elK!  hs  tau^t  how  to  do  so. 

In  response  to  tins  challenge,  Kendall/Hunt  has  fostered  a  netr 
work  of  part-time  consultants  drawn  from  thcee  people  who  origi- 
nally helped  vrrite  and  test  ChemCom,  as  well  as  from  teachers 
who  have  been  traiued  in  two-week  summer  workshops  fand«i  by 
and  conducted  by  the  American  Chranical  Society. 

Ao  uchools  request  ChemCum  presratations  and  teadier  training 
from  Kendall/Hunt,  vre  fill  these  requite  using  this  evergrowing 
network  of  rart-time  consultants.  In  the  last  year,  1,746  teachers 
and  admin^ators  have  attended  a  Kendail/Hunt-sponsored 
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CSiemCom  events  ranging  from  brief  preaentations  to  two-week 
training  sessicms  in  univerdty  and  school  district  settings,  and  this 
number  ck^es  not  inducte  tho»  that  have  gone  throu^  the  NSF- 
fim^  and  ACS  run  workriiope  that  they  have  been  doing. 

Additicmally,  v^t  teachers  teach  in  Uie  United  States  and, 
therrfbre,  what  imblish^rs  put  in  textbooks  has  become  incrraising^ 
driven  by  standardiwd  achievemrat  tests.  The  anticipated  stu* 
nt  outcomes  fitmi  the  successful  completion  of  a  ClhemCom 
ccnirse  are  not  the  some  as  a  tomiitional  chemistry  course. 

As  a  result,  the  AGS  is  now  funding  the  development  of  an 
achievement  test  which  apim)priately  measuxw  student  achieve* 
ment  in  a  ChemCom  course.  This  ^une  test  develofnnent  piero 
must  accompany  any  cnmiculum  development  project  which  atr 
tempts  to  move  in  this  new  dir^:tion  for  science  ediK^tion. 

In  concluding,  I  would  like  to  say  that  at  Kendall/Hunt  we  be- 
lieve the  curriculum  development  and  implementatiim  model  pio- 
neered with  CSiemCom  is  the  best  poGfiible  route  to  an  improved 
sdlKX)l  curriculum  wi^  corree^ndin^^Iy  improved  support  materi- 
als. ChemOom  has  been  produced  and  is  being  implemented  with 
the  combined  and  coordinated  resmirces  oi  tliuree  partis:  the  Na- 
timial  Science  Foundation,  the  American  Chemical  Society,  and  the 
KendaU/Hunt  Publie^bii^  Comimny. 

Hie  individual  best  interests  <^  then  three  parties— the  first,  to 
fost^  the  best  possible  scien<»  education  for  the  dtizeniy  of  the 
United  States;  tixe  second^  to  promote  ch^ical  education  and  Uie 
development  of  a  labor  pod  of  capable  chemists;  and  the  third,  to 
produce  and  sell  and  implement  to  as  much  of  the  market  as  possi- 
ble a  profitable  educatiimal  product — have  been  combined  to  yield 
some  very  exciting  educatimial  change. 

Thank  ym  for  the  tino^  Uiat  you  have  allowed  for  us  to  appear 
before  the  (ximmittee,  and  I  would  welcome  any  of  your  questions. 
[l%ie  complete  prepared  statement  of  Mr*  Loeppke  follows:] 
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COMKEirrS  TO  THE  U.S.  HOTSE  OF  REPRESEaWTATIVES 


COHMXTTEE  OK  SCIENCE,  SmCE^  AND  TECHKOXiOGY 


SUBOHIMXTTEE  ON  SCIENCE,  RESfiJIRai  AND  T£CHNOU)Gy 


Assistant  Vlcd  Presi4er«t 


Elementary-Righ  Scdtiool  Division 


KendaX I/Hunt  Publishing  Company 


chainan  Nalgren,  Congressmn  Boehlert,  and  Kesibers  of  tbe 
Subcoasittee  on  Science,  Research,  and  Technology,  tbanic  you  for 
the  opportunity  to  speaX  to  you  abcmt  Kendall/Nunt  Publishing 
CompwY'B  efforts  to  sell  science  education  xaterials  developed 
with  National  Science  Foundation  suCT?ott. 

1  vill  focus  ay  c<»»ettts  on  our  experience  with  the  new  high 
school  che&lstry  textbook/  ChesCoEfi,  developed  by  the  American 
Chesical  Society  with  NSF  support  and  published  by  Kendall/Hunt 
in  January,  1908.    Vou  should  also  Know,  however,  that 
Kendall/Hunt  is  the  publisher  for  several  other  textbooks  which 
have  their  origins  in  NSF  funding  or  are  currently  being  funded 
by  NSF  in  their  developmental  stages.    Two  projects  of  relevance 
to  this  discussion  are  the  science,  technology,  and  society 
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curricula  being  wrlttwi  for  eKamtary  school  and  mltldls  school 
by  the  BSCS  {Biological  Sciences  Curriculua  study)  in  Colorado 
Springs.    These  two  projects,  which  we  expect  -o  have  on  the 
■arket  in  1991  and  1993,  will  face  a  aarkot  envirt,na«nt  siaiiar 
to  the  one  that  caaracaa  does  today. 

Wthough  I  as  going  to  aention  sose  barriers  to  product 
iiq?laaentation,  we  are  excited  about  the  market's  response  to 
OuaiOo.  so  far.    He  sea  the  signs  of  positive  change  in  science 
education,  and  I  would  refer  you  to  the  article  which  appears  in 
the  current  JIarcVApril  issue  of  SCIHICE  BOOKS  AHO  FUJO,  the 
wigaalne  of  the  Aaerlcan  Acadesy  for  the  Advanceaent  of  science. 
If  you  are  interested  in  aawB  of  our  ideas  on  that. 

The  barriers  to  Isplewmtation  of  a  new  eurrisulus  like 
Cheaco.  fall  into  two  general  categories:    structural  (which  has 
to  do  with  the  basic  organisational  structure  of  the  curriculua 
in  our  high  schools)  and  procedural  {which  has  to  do  with  the 
pedagogical  aethod  and  style  aodeled  for  and  used  by  teachers, 
the  tests  used  to  aeasure  academic  success,  and  the  way  in  which 
colleges  are  training  new  teachers). 

rroa  a  structural  point  of  view,  high  schools  do  not  have  a 
ready-aade  -curriculua  hoae"  for  a  course  such  as  CheaCoa.  iteiie 
Cbeacoa's  target  audience  la  the  ninety  percent  of  the  student 
population  not  consitted  to  a  career  in  science,  current  high- 
school  cheaistry  courses  are  "pre-vocational"  in  nature.  That 
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i«,  tiMy  an  intmdad  to  pr^;>ar«  studonta  for  a  collega  cheaistry 
cmiTM  iiSiich  is  than  intendad  to  prapare  studanta  for  a  career  in 
a  aciance  related  field* 

Hhare  CheaCOT  is  being  succeaa fully  icipl<aiQnted«  a  new 
ccmrae  in  the  curriculia  haa  been  crmted  i^ic^  does  not  replace, 
but  is  an  alternative  to,  the  traditional  pre-*vocational 
«^eaiatry«    This  typically  requires  that  the  entire  school 
district  administration  be  involved  in  the  decision  to  teach 
CSt-^^aiOoe.    As  a  result,  a  different  narlceting  strategy  is  required 
on  the  part  of  the  publisher* 

After  one  year  on  the  wurket,  I  as  happy  to  report  to  you 
that  store  than  400  school  districts  are  using  chefiCos  and 
therefore  axperieenting  in  sovm  way  with  thia  change  in  their 
curriculUM  design,    ^Hiis  is  not  only  a  result  of  KendaXI/Hiuit's 
sales        aarketing  efforts,  Init  also  a  direct  result  of  the 
five-year  irriting  and  field  testing  prooesa  cmxdinated  toy  ^>e 
American  Chemical  society  and  fundi^  by  MSF* 

X  voiild  mention  parenthetically  that  current  MSF  funding  of 
the  two  BSCS  projects  menticmad  above  is  for  only  three  years. 
In  order  to  keep  vithin  KSF  budget  guidelines,  BSCS  found  it 
m^essary  to  cut  bacX  on  the  li^igth  and  number  of  field  teata 
originally  planned.    "Htia  is  unfortunate  since  both  BSCS  and 
Keiklall/Hunt  believe  this  will  cc^rtmise  the  product  in  its 
first  edition* 
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AlBO  tnm  a  structural  point  o£  vi«v,  atate  curri<:mlu» 
guidollBea  Bn  built  on  the  currant  |>ra-vocatl<mal  sci«nca 
#duoation  Mdal.    If  a  stata  adoi>tion  conlttm  adharea  closely 
to  ttialr  9uldelin©s,  any  acienca  tajttbook  that  places  axi  w^aais 
on  teaching  science  in  a  personally  and  socially  relevant  contaxt 
will  be  eaan  as  deficient  in  content—there  is  only  so  »ich  tlaa 
and  space  in  a  year  long  chttnistry  cxuirsel    In  fact,  the  "batter* 
the  evaluation  instrument  used  (tales  Virginians,  for  exasple) , 
the  SKire  of  a  harrier  to  the  isq?leaantatlon  of  nw  sciwine 
currlculue  it  is  slwply  because  it  evaluatea  the  new  scienca 
Material  against  the  old  science  curriculue. 

It  ie  quite  clear  that  in  order  to  provide  a  relevant 
context  (Which  learning  research  shows  is  the  Itay  to  long  tena 
aesory) ,  soae  hard  choices  have  to  be  nade  about  ^at  scienca 
facts  JSSA  to  teach,    the  authors  of  ChmaCam  have  done  this  job 
ftdairably*    I  thinX  most  of  us  imild  agtae  that  all  of  our 
interests  would  be  better  served  by  citixens  taking  into  the 
voting  booth  an  understanding  of  che»istry  in  the  envir««i»ent 
rather  than  the  re»eabranco  of  idio  f  ir«t  theorized  atomic 
structure. 

Hov  fro»  a  procedural  point  of  view,  new  science  curricula 
liKe  CtaaCm  requires  a  pedagogical  style  with  Khicdi  the  majority 
of  teachers  are  not  comfortable.    With  ChemCam^  aiKl  most  other 
Kendall/Hunt  science  naterials,  teachers  are  asXed  to  be 
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faoilitator*  of  student  inqiulry  rather  than  iwtvayors  of  truth. 
K  taacher  aust  be  able  to  operate  In  thia  kind  of  coc^^ratlva 
learning  enviirowent  already—or  elae  he  tav^t  how  to  do  «»• 

In  response  to  this  challenge,  Kendall/Runt  has  fostered  a 
neti#orJc  of  parttlM  consiatants  drawn  txm  vhomm  people  *mo 
originally  helped  %rrite  and  test  QmmCom^  as  will  as  teachers  %?ho 
have  been  trained  in  tvo-weelc  sunar  workshops  funded  by  HSF  and 
conducted  by  the  American  Chesical  Society*    As  schools  request 
ChesTTWi  presentations  and  teacher  training  frcaa  Kendall/Hunt,  wo 
fill  these  requasts  using  this  ever-growii^  network  of  parttise 
consultants*    In  the  last  year,  1#746  teachers  and  ad»iniatratora 
have  attended  a  Kendall/Htunt  spmsored  €3ie»Cosi  event  ranging  fron 
brief  presentations  to  two-i»ak  training  sessions  in  university 
and  school  district  settings, 

Additionally,  i^at  teachers  teach  in  the  United  States  and, 
therefore,  %^at  publishers  put  in  textbooks  has  become 
Increasingly  driven  by  standardised  ac^ievestent  tests.  The 
anticipated  student  outcfssss  fro*  the  successful  coopletion  of  a 
Oi^Soai  course  are  not  the  same  as  a  traditional  cheaistry 
course.    As  a  result,  the  ACS  is  now  funding  the  developsent  of 
an  achievesent  test  i4iich  appropriately  aeasures  student 
achievesent  in  a  ChG:^aA  course*    This  sane  •test-develoiaaent'^ 
piece  wust  accoapany  any  curriculus  develop»ent  project  which 
attsBpts  to  asoves  in  this  new  direction  for  science  education. 


5 


ERIC 


89 

tsxt^f  D«  Jjomppkm 

Xmdall/Himt  Publishing  c<»{Nuiy 

nrcfti  9«  I9S9 

Xti  concluding,  I  muld  lite  to  My  that  at  KandalX/Runt  urn 
baliwa  tim  ourriculini  dafValopMuit  and  iupxaMntation  mktml 
pioMarad  vlth  ClwCdM  la  tha  baat  pMalbXa  routa  to  an  ii^rovad 
achool  curricultm  vith  oorraapowllagly  ix|>rovad  auppcnrt 
■Atariala.      Ctwaroa  has  boon  pxpdti»:ad  and  la  baing  l^pXasantad 
vith  tha  covbinad  and  coordinatad  raacmrcaa  of  thraa  partiaas 
tha  national  Science  Foundation^  tha  American  chaaical  Sociaty, 
and  KamSall/Runt  Publiahing  Cc»qpaxiy« 

Tha  ii»5iivi<^l  baat  intaraata  of  thaaa  thraa  partiaa-*tha 
first,  to  fmtar  tha  baat  poaaibla  acianca  adooatim  for  tha 
citisanry  of  tha  united  atatmr  tha  aacond,  to  prmota  chavicaX 
adiieation  and  tha  davelopMnt  of  labor  pool  of  capabla  chaaistar 
and  tha  third,  to  produca  and  sail  to  aa  suich  of  tha  mrlpat  aa 
poasibia  a  profltabla  aducational  product*— hava  baan  coabinad  to 
yiald  mamm  axciting  aducational  chmga. 

1  th/mh  you  for  tha  tina  yxm  iMiva  allovad  for  ua  to  appaar 
bafora  this  comittee  and  would  valcosa  your  quest  Ions » 
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Larry  D.  Ump^  w>rk«d  for  thm  itmtLtMtm  of  , 
Affair*  fro.  1973  tP  lf77  in  aduoatianal  «idiiorta»^  SS^iST 
tba  Onitad  Stataa,  Canada,  wmy,  Higaria,  Wong  Kam, 
JSiluSS  lalanai.    Sinca  1977  ha  oaa  worJc*!  with  K»ndall/»>nt 
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Mr.  Walgesnt.  Thank  you  y^ty  much  for  that  testimony. 

One  ciHnmon  threml  among  the  aeveral  of  you  is  this  importance 
of  inHservioe  tawning  and  tee»clwr  woric  with  the  materials  so  that 
thcsy  can  be  used  to  best  mh^tage  and  succesdiully  in  the  clara* 
rocmi. 

Can  you  tell  me  a  little  bit  about  how  we  mifi^t  strengUira  the 
pTBsmce  dp  that  in  the  system? 

Now»  NSF  is  working  with  that  particular  materials  and  appar- 
ratly  enoHuraged  in  the  Silver,  Burdett  situation  some  component 
q(  in-service  training  that  vras  recraired  in  the  system. 

Could  y^  describe  that  a  little  oit  in  detail,  Mrs,  Shao? 

Mm  fmA€K  One  of  the  terms  of  tfa^  grant  is  that  the  mt^posal 
wl^  it  came  ftom— in  this  case  the  Houstcm  Museum  of  Natural 
Sckmoe— the  Houston  Museum  hsd  to  find  a  ^xmsoring  publishcar, 
and  in  order  for  us  to  make  a  decision  as  a  coonpany  as  to  wh^Jbter 
or  nc^  we  would  support  such  a  pnqiosal,  one  of  tha  terms  of  the 
grant  is  that  we  must  set  askle  a  proportion  of  the  investment 

NSF  omtrttnites  mon^,  the  publidier  contributes  a  certain  pcn> 
tiim  mcmc^.  Wlu^n  this  program  is  publislMd  and  is  sold,  a  per* 
oentage  of  prplits  is  set  asrae  that  muirt  be  used  exclusively  for  in- 
service  training,  and  c^xcmling  to  what  NSF  has  told  us,  smce  tl^ 
management  of  those  in^rvioe  funds  can  be  handled  bjr  us  as  a 
publidfieiv-vre  do  this  as  a  ronilar  course.  In  dealing  with  our  cm- 
tomers,  we  provide  in^rvice  for  purchases  of  our  programs.  So  we 
know  how  to  do  Hut^  and  now  we  have  an  additional  source 
fUnds  that  we  can  eifectii^y  continue  in-service  of  this  new  pro- 
gram, and  NSF  has  been  vary,  very  clear  in  telling  us  that  we 
would  be  able  to  control  the  monejr  as  loiu  as  we  account  to  them 
how  much  actoally  has  been     aside  for  the  funding. 

So  I  think  it  is  an  eusellCTt  w»r  to  pronrate  the  teaching  of  sd- 
ence  through  iiMmvice  training  of  teadbers,  which  according  to  ev- 
erything that  we  Imve  eviur  dbne  in  our  disnission  with  the  curtom- 
era,  in  surveys,  and  so  cm,  that  is  the  greatest  need,  in-aervice 
trainiiw*  Hie  ladi  of  in-e^rvke  trainiiur  is  tte  majm:  prdblrai  in  sd- 
ence  educaticm  at  the  elementary  level 

Mr.  Walobkn.  Bfa.  Gastor,  could  we  be  dcnng  more  witib  in-aerv- 
ice training  from  the  nattonal  level?  Is  tiiere  wmething  that 
im^m  we  snimld  be  thinking  about  through  the  NSF  to  provide 
grratter  cximmitoMmt  in  that  area? 

Mb«  Casior.  I  dcm't  think  there  is  any  doubt  abmit  that  I  think 
many  of  the  States^  eqiedaUy  in  our  own  l^ate,  we  have  ccHmnitted 
large  rams  dT  itollars  to  innBervice  training  teachers.  But  thm  is  a 
shmti^  area,  and  oftcmtinies  the  in-service  funcb  are  dired;ed  to- 
wanb  helfmig  teadiers  lusqpiire  the  mscesBaiy  university  kiinl  of 
owzaes  mat  tmy  need  to  be  oertU^d. 

I  dkm't  think  we  have  used  those  dollars  brmdly  enou^  and  di- 
rected tton  towanh  etemratary  tead^rs,  who  need  to  gei  some— 
in  addition  to  the  course  work,  need  aome  handfHm  experience  in 
bow  to  teach  yrai^  children  the  fundamentals  of  sci^u^e  and 
matht  ami  that  m  something  that  the  National  Seisms  Foundaticm 
orakl  do.  TiMry  could  provioe  moiktls.  lliey  could  provkie  training 
for  trailers  in  the  States.  It  would  be  very  nelpiul. 

Mr.  WALtnof .  Can  that  be  doiM  in  the  context  of  innBervice,  or  is 
that  not  a  probtem? 
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As  I  understand  in-service,  you  are  pulling  a  teacher  from  hia  or 
her  paid  period  of  Hme  and   .  . 

Ms.  Caskw.  N<*  necessarily.  A  great  deal  of  that  is  done  m  the 
sumnier  in  intensive  summer  mtrkshops. 

Bfr.  Walobsn.  Is  that  a  sufHcient  place  for  it,  m  the  summer 
worktops? 

Ms.  Caotor.  WeU,  it  is  a  good  place  for  it,  but  we  need  to  direct 
so  much  more  attrition  to  this  entire  area.  It  ou^t  to  be  done  m 
the  preservice  pn^ram.  It  ought  to  be  done  during  the  course  of 
the  sdiool  y€«r,  and  it  ought  to  be  done  in  summer  workshops,  and 
we  are  going  to  need  to  use  all  of  those  strategies  if  we  want  to 
become  more  succe^Ui  in  tiiis  area,  urtiich  we  do. 

Mr.  Walorbn.  Do  you  know  how  many  of  your  teachers  are 
readrad  fay  NSF-sponsored  siimmer  workshops? 

Ms.  Castor.  No,  I  am  sorry.  I  can't  ansvrer  that. 

Mr.  Walorsn.  Any  idea  dT  a  ballpark  figure  at  all? 

Ms.  Castor,  No,  I  am  sorry.  ^  ,  , 

Mr.  Wawjriw.  What  role  does  the  ^ate  textbook  approval  proc- 
ess play  in  enabling  tiiese  materials  to  get  Into  the  whools? 

B£r'::AsroR.  WeU,  in  our  State  they  play  a  mfi^or  role  be<»use 
school  districts  must  purcha^  the  nuuority  of  their  materials  from 
a  State  approved  list.  Our  statutory  requirement  is  at  least  60  per- 
cent. However,  the  reality  is  that  the  school  districts  purchase  be- 
tween 85  and  90  percent  trf  their  teaching  materials— of  their  text- 
books from  a  State  approved  list 

So  the  State  does  have  a  m^  role.  ^, 

Mr.  Waloben.  How  do  these  new  matenals  break  through  that,' 
Are  thev  tmnight  through  State  approval  process  without  mat 
being  a  barrier  in  your  experience?  ,  , 

Ms.  Castor.  Well,  because  of  the  cost  <rf  new  textbooks  and  new 
materials,  most  States  are  cm  a  five  or  six-year  cycle  where  textr 
books  are  reviewed  at  six-year  intervals.  So  .  here  is,  number  one,  a 
problem  with  that.  .       ,  ,  ^. 

Second,  they  can  be  offered  at  that  time  when  the  evaluation 

cranes  up.  .  «  ^ 

However,  school  districts  still  by  and  large  have  the  flexibility  to 
deal  directly  with  the  purchaser,  but  it  has  been  something  that  I 
think  more  often  than  not,  especially  in  the  large  States,  has  been 
left  to  State  textbook  evaluation  committees. 

There  is  a  pnAlem  with  local  districts  not  knowing  about  the 
availability  of  what  is  out  there  as  far  as  the  development  of  new 
materials.  , 

Mr.  Wauirkn.  Would  all  the  school  districts  know  about  the 
ChemCom  course?  Has  that  been  brought  to  their  attention  some- 
how by  State  level  officials?  .        ^         .  X 

Mr.  LoEPPKK.  Not  in  States  where  the  chemistry  adoption  is  not 
in  cycle.  In  other  words,  the  book  has  only  been  out  for  a  year,  and 
various  States  have  different  Q«:les  in  which  they  will  adoi^  chem- 

&  instance,  in  Florida  there  is  not  going  to  be  much  of  the  sci- 
ence community,  the  educational  community  in  science  that  knows 
about  it  simply  because  it  has  not  been  a  marketinff  priority  ibr  us 
because  it  is  not  worth  spading  mon^  there  until  the  State  has 
on  itB  list  that  it  is  going  to  adopt  chemistry  textbooks. 
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Mr.  Walgrek.  I  see. 

The  gentleman  from  California,  Mr,  Brown, 

Mr.  Brown,  No  questions. 

Mr.  Wau^rkn.  Mr,  Johnston  from  Florida. 

Mr  Johnston.  Mr.  Chairman,  if  I  could  just  make  a  brief  obser- 
vation. 

I  was  fortunate  enough  to  be  the  Preaident  of  the  Florida  Senate 
when  Ms.  Castor  was  the  President  Pro  Tern,  the  tlrst  woman  to 
ever  hold  that  position  and  the  first  woman  to  ever  hold  a  cabinet 
p(^tion  in  the  State  of  Florida,  and  a  lot  of  the  reforms  that  we 
address  tcriay  were  initiated  by  her  when  she  was  in  the  State 
Senate,  and  she  is  one  of  the  top  educators  in  the  country  and  I  am 
very  proud  of  her, 

Ms.  Castor.  Thank  you. 

Mr.  Waigren.  Well,  let  me  express  my  admiration.  I  wish  we 
had  had  that  as  t^ckground  when  we  started  this  today.  We  would 
have  put  you  before  Mr  Boyer,  [Laughter.] 

Mr.  Skaggs.  Thank  you,  Mr.  Chairman. 

I  don't  have  any  questions  either,  but  just  a  personal  comment 
really  dir^ted  towanl  Mrs.  Shao,  in  that  Silver,  Burdett  Company 
put  bread  on  the  table  at  our  home  during  the  *508  and  'GOb  while 
my  fatiier  was  Art  Director  there  over  a  long  period  of  time.  So  1 
have  a  great  perwnal  affinity  fi>r  your  rompany  and  hope  you  will 
extend  my  greetings  and  that  of  my  father  to  your  colleagues  hack 
in  Morristown. 

Mrs.  Shao.  Hajmy  to  do  so, 

Mr.  Walgrkn,  Let  me  ask  what  it  took  to  get  your  compani^  as 
publishers  involved  ia  publishing  and  trying  to  distribute  these 
new  kinds  of  materials. 

Was  the  NSF  the  key  to  making  that  happen,  or  would  this 
hapjien  without  the  NSFs  involvement? 

Mr.  Malonk.  I  will  answer  that,  Mr.  Chairman, 

Mr.  Walgren,  Yes,  Mr.  Malone. 

Mr.  MaijONS.  We  have  a  bit  of  a  unique  situation.  We  are  a  pri- 
vately held  company  and  have  been  a  (xill€|;e  textbook  publisher 
for  some  45  >*earB.  We  from  many  standpoints  wanted  to  be  in- 
volved in  the  elementary /high  school  publishing  arena.  So  we  en- 
tered in  with  some  advantages  that  in  my  perspective  a  publidv 
held  company  probably  would  not  do.  It  allowed  us  to  not  just  look 
at  it  as  a  rammerdal  venture. 

We  are  very  proud  that  we  have  a  true  interest— as  you  have  ex- 
pressed and  your  colleagues  have  expre^ed,  we  have  a  true  inter- 
est in  bettering  education,  and  we  believe  it  nee<te  a  strong  push  in 
that  K  through  8  area. 

I,  too,  have  a  daughter  that  is  nine  years  old,  and  I  heard  your 
first  witness  this  morning  oav  that  they  had  a  poll  or  a  survey  and 
the  students  said  they  liked  math.  My  daughter— I  am  proud  of 
her,  and  she  is  a  very  bright  young  gal— she  doesn't  like  science* 
Hie  reason  science  is  kind  of  fit  in  where  it  can  be  fit  in.  It  is  a 
language  art  apprc^ch. 

So  to  get  l^ck  to  the  direct  approach,  we  wanted  to  be  involved 
in  better  education.  To  that  end,  we  could  look  lonf  term.  If  I  had 
to  make  one  assewment,  whetner  it  is  your  institution  here  in  gov- 
ernment or  NSF  or  the  publishing  industry,  it  is  much  too  short 
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term  thinking.  Change  takes  a  long  time.  Good  curriculum  takes  a 
long  tune.  Good  materials  take  a  lon^  time,  and  people  have  not 
had  that  focus,  in  <mr  opinion,  eapecialiy  in  the  elementary  and 
liigh  school  area. 

So  we  dwse  to  get  into  that,  recognLdng  what  we  do  well.  Wlmt 
we  d«m't  do  as  well  and  should  not  be  doing  as  well,  and  that  is  the 
development  of  the  content  of  the  book  or  the  curricula.  T^re  are 
people  that  have  far  more  expertise  than  us  in  that  area.  Thus,  we 
very  hani  to  align  ourselves,  to  bring  our  expertise  m  a  coo;>- 
erative  venture  wiih  someone  of  high  expertise,  such  as  Uie  Ameri- 
can Chemical  Society,  such  as  the  Biological  Sciences  Curriculum 
Study,  and  others  as  well.  ,  .        ^      ,  _^  *  •  A-e 

And,  quite  frankly,  we  are  involved  m  Ms.  Castor  s  state  m  a  dif- 
ferent i&cipline,  but  very,  very  progressive  state,  where  the  state 
developed  tiieir  frameworim  and  curriculum  and  had  mandate  in 
the  fitness  area,  of  which  wepublish  tbe  best  selling  fitness  book 
for  the  high  school  area  in  Florida  that  followed  the  exact  state 
mandates.  We  rec^idaed  where  the  expertise  was.  We  want  to 
imblidi  for  the  needs  that  have  been  developed  and  described,  that 
the  experts  say  are  those  needs. 

So  our  approach  has  been  a  bit  different  than  perhaps  others- — 

Mr.  Walqren.  Let  me  understand  a  little  bit  more  about  how 

NSF  does  this.  ,         ,.        .  xtot? 

You  are  the  publisher,  but  am  I  understanding  that  NSF  ^aen- 
tially  arranges  for  the  development  of  the  content  through  the 
Americaa^^ical  Society  m  perhaps  through  the  various  re- 
souxces  they  can  bring  to  bear?  Are  they  the  ones  that  are  substan- 
tially funding  the  development  of  the  content  at  that  point,  or  are 
you  as  puWiSie^?  What  is  the  share?  . 

Mr.  Malone,  My  answer  to  that  would  be  that,  no,  NSF  is  not 
funding— or  not  doing  the  <tevelopment  They  are  providing  monies 
for  those  people  that  I  referred  to,  that  have  the  expertise  to  write 
the  content  witiiin  the  parameters. 

Blr.  Walobbn.  So  they  are  paving  for  the  writing  of  the  content.' 

Mr,  Mau>nk.  Tbey  are  providing  mtmies  for  the  development  of 

^*Mr.  Walgben.  And  thur  far  you  as  a  company  have  not  provided 
monies  to  write  the  content  yet,  and  then  I  gaesB  my  qu  ^on  is  il 
th^  pay  for  the  writing  of  the  content,  how  is  it  worked  out  what 
they  Give  a  rirfit  to  as^  for  that?  , 
(Xwimisly,  there  is  a  social  contribution  being  made  to  a  private 

^wSat  did  they  aak  back  from  you  at  that  point  after  they  paid 
for  the  consent?  ,  ^.  . 

Mib.  Shag.  I  can  answer  some  of  those  questions,  Mr.  Chairman. 

The  NSF  is  paying  for  the  writing  of  the  content.  Our  role  m  this 
particular  prcfort.  ™«  Science  Connection,  is  to  advise  the  Houston 
and  they  are  very  much  an  ediu»tional  in^atution  them- 
selves.  They  have  experts  that  understand  children  and  the  teMh- 
ing  of  science,  and  it  is  our  role  to  advise  them  to  make  sure  timt 
whatever  they  develop  is  going  to  be  marketable  and  accepted  by 
stiulents  and  teachere.  Our  role  is  to  publish  this. 

NSF  has  granted  the  Houston  Museum  of  Natural  Science  the 
sum  of— I  bdkve  it  is  $1.6  million  to  write  the  content,  and  Silver, 
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Burdett  and  Ginn  in  turn  is  contributing  $2,2  million  to  jniblish  all 
ctf  these  materials. 

Mr.  WALGRrar.  You  said  that  the  terms  of  the  NSF  grant  allowed 
for  the  setting  aside  for  in-service  monies. 

Did  it  require  the  setting  aside? 

Mrs.  Shao.  It  requires  i^  yes.  That  is  a  requirement  of  the  grant 
Mr.  Walorkn.  How  much?  What  is  the  proportion? 
Mrs.  Shao.  The  wording  of  the  grant  has  been  vague*  and  we 
have  been  advs^  about  how  best  to  handle  that,  and  a  contnurt  is 
being  developed  wi^irdby  the  Houston  Museum  of  Natural  Science, 
Silver,  Burdett  and  Ginn,  and  the  National  Science  Foundation 
will  be  the  signers  of  this  contract,  and  we  are  recommending  that 
a  portion  of  profits~we  have  for  mcwt  oUier  products— piroduct 
lines  that  we  have— we  set  amde  a  portion  ^  the  royalties  for  that, 
are  set  aside  and  go  to  authors  to  reimbi  ee  for  tfa^ir  role  on  the 
prq^K:t 

In  a  wnse,  a  perce^tag^  of  profits  like  off  the  royalties  will  be  set 
aside  for  in-service.  It  will  pn^bly  be  equivalent  to  what  authors 
normally  make  on  a  project 

Mr.  Walgrsn.  I  would  like  to  recogniase  the  gentleman  from  Vir- 
ginia for  any  questions. 

Mr.  SuvuGHTER,  No  qu^ions. 

Mr.  Walqrkn.  And  we  have  been  joined  by  the  gentleman  from 
Iowa,  Mr.  Naglf^. 
Mr.  Nao;je.  No  miestions,  Mr.  Chairman. 

Mr.  Walqrkn.  Well,  I  find  it  a  fascinating  ar^.  Let  me  ask  one 
other  question,  and  I  apol^^ise  to  my  colles^es. 

An^  thoughts  on  the  role  of  television  in  the  t^u:hing  of  science 
at  this  point  in  your  school  By6b&am7 

We  are  erf*  spht  mimb  in  son^  warn  Some  of  us  are  very  enam- 
ored of  the  power  <^  television  and  ability  to  replicate  and  mat  sort 
of  thing.  On  the  other  hand,  there  is  a  certain  passivity  that  some 
people  feel  is  inherent  in  televimon  that  may  vrork  against  what  we 
are  trying  to  do. 

Any  comments  on  TV     you  see  it  in  your  school  systems? 

Ms.  CASroa.  Well,  we  have  in  our  state  a  laii^  syitem  of  educa* 
tional  TV.  I  il  ink  it  h£»  to  be  used  as  a  supplemental  tool  in  the 
teaching  of  sdem^  and  math. 

We  are  ako  developing  a  satellite  network,  which  I  think  holds 
great  mtmiise  for  the  delivery  of  science  and  math  Irasons  as  well. 

Mr.  WAi/iRSN.  So  you  are  pretty  serious  about  it  if  you  are  devel- 
oping a  satellite  network? 

M&  Castor.  Absolutely. 

Mr.  Walgrjen.  What  kinds  of  tilings  would  be  supplen^nted? 
Vfhm  you  say  you  use  it  as  a  supplemrat^  what  do  you  look  to  it 
foi? 

Ms.  Castw*  Well,  some  bisic  lessons  can  certainly  be  delivered 
over  instructional  TV  or  through  our  system  now  of  usir^  the  mt- 
ellite  network.  I%en  teac}:^rs  in  the  classroom  have  to  take  that 
bamc  lesscm  that  has  been  delivered  and  work  with  it  in  a  hands*on 
n^uation  with  the  students. 

Mr.  Walgrsn.  How  are  we  going  to  develop  materials  for  the  tel- 
evi^n? 
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Ms.  CUnos.  Well,  that  is  ttw  difficulty.  That  is  the  pn*lem.  We 
dra't  have  anyone  today  working  im  the  development  of  lessons  in 
this  arraL, 

Mr.  Walqkkn.  We  would  like  to  ask  ym  some  questions  in  writ- 
ing, if  we  could,  afterwards,  and  we  want  to  express  our  apprecia- 
tkm  to  you  all  for  coming  and  being  here  today. 

Ms.  Castos.  Thank  you. 

Blr.  Waujimn.  So  thank  you  very  much. 

Let  Dte  call  the  next  panel~Dr.  Jerry  Bell,  the  Department  of 
Clhemistiy,  from  Simmons  College;  Blaijorie  Bardeen,  me  IVogram 
Dizvctor  for  Friends  rf  Fermilab;  and  Dr.  Paul  Saltman,  Depart- 
ment   Biology,  University  of  California-— San  Diega 

Welcome  to  our  process,  folks,  and  we  are  glad  you  are  here. 

Let  me  invite  you  to  give  your  testimcmy  in  tl»  order  m  which  I 
just  went  down  the  lii^  and  so  let's  start  with  Dr.  BeU. 

8TATEBIENT  OF  DR  JKBRY  A.  BELL,  PROFESSOR  OF  CHEMISTRY, 
DEPARTMSNT  OF  CHEMISlltY,  SIBfMONS  COLLEGE,  BOSTON.  MA 

Dr.  Bsix.  Mr.  Chairman,  members  of  the  subcommittee,  besides 
mV  role  as  Professor  <d  Chemistry,  I  also  since  1986  have  held  the 
Duectorahip  of  the  Institute  for  Chemical  Education,  which  is  at 
the  Univerraty  of  Wisconsin. 

•Hie  Institute  was  established  m  1^,  with  the  aun  of  revitaliz- 
ing the  tou:hing  of  cheznistry  at  all  educational  levels,  and  since 
1984  we  have  been  fortunate  to  receive  about  |5  million  in  funding 
from  the  National  Science  Foundation. 

I  am  pleased  to  have  this  opportunity  to  present  my  views  on  the 
vital  leadership  role  that  NSF  must  play  to  continue  to  /everee  the 
disiud  situation  w©  have  already  Yveaxd  about 

ftb".  Chairman  and  mconbers  of  the  mibcommittee  and  staff  know 
that  I  had  the  privilege  of  serving  as  Director  of  the  NSF  Division 
of  Teacher  Preparation  and  Enhancement  from  1984  to  1986,  and  I 
recall  with  de^  appreciafitm  the  interest  that  you,  Mr.  Walnvn, 
and  your  colleagi^  have  e&pressed  in  Bcxeaix  education  at  NSF. 
Without  the  help  of  this  subcommittee  and  the  Congresskmal  com- 
mittees on  approiniation,  the  NSF  budget  for  science,  engineering 
and  mnthp^fft^"*  educatum  would  still  be  very  small. 

I  have  not  yet  been  able  to  understand  why  the  Administration 
is  not  forthcoming  in  a^dng  for  ftinds  to  provide  the  vital  federal 
l€»der8hip  role  at  a  levd  commensurate  with  the  task  tibiat  faces 
the  nation. 

In  '81-'^  the  Directorate  for  Science  Education  was  zeroed  out 
In  1983,  the  Congress  directed  NSF  to  reestablish  the  science  edu- 
cation activities  and  provided  fonds.  The  Foundation  dragged  its 
feet,  bath  in  terms  of  putting  a  staff  together  and  in  using  the 
f^inds  appropriated  byCwigreas.  ^  .   ,    .  ^ 

When  I  came  to  NSF  in  1984,  I  was  quickly  engaged  m  budget 
and  idanning  activities.  At  that  time  numerous  reports,  ix^uding 
the  Natioijm  Science  Board  Precollege  Commisnon  Report,  called 
on  NSF  to  quickly  reestablish  its  unique  role  in  sdence  and  tobM^- 
mutwy  educatiim. 

The  NSB  report  called  for  an  investment  of  $175  million  for  pre- 
oollsge  invgraros.  Inst^  oS  heeding  a  clear  call  from  this  Presi- 
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dmitially  appointed  body  which  oversees  the  Foundation,  the  Ad- 
ministration  asked  for  a  deferral  oi  $81.6  million. 

Since  198S^  tix  Adminiiftoition's  requests  for  science  education 
ftmding  have  di^playod  a  diraial  of  leadership  and  abdication 
of  clearly  ^ted  statutoiy  reepcmaibillty. 

In  l9S8f  tl^  Conn«»  enacted  a  five-year  authorization  bill  that 
wmild  dcmble  thm  NsF  budlget,  ar^  the  Pred^kmt  signed  it  into  law, 
yet  the  Raail  1990  Nl^  request  for  Uie  Science  Education  Director- 
ate is  onlv  $190  million,  considerably  below  that  which  Congress 
authorized  and  the  President  skned  into  law, 

I  am  wondering  whether  mamematt(»l  illiteracy  has  reached  its 
hii^est  pinn»;le.  My  mathematics  indicates  that  at  the  rate  of  in*- 
creaw  now  sugsested  we  will  fall  well  short  of  doubling  the  S£E 


This  is  an  urraponsible  budget  action  that  will  not  help  the 
nation  solve  its  prwlems, 

I  want  to  hasten  to  point  out  one  thing.  These  remarks  are  di- 
rected to  the  top  management  of  the  Foundation,  the  policies 
which  the  Director  develc^  with  0MB.  I  have  the  highest  admira- 
tion for  my  colleagues,  overworked  and  underfunded,  in  the  Direc- 
torate for  Science  and  Engineering  Education. 

I  continue  to  h^r  about  the  large  number  of  high  quality  propos- 
als that  SEE  receives,  both  in  precoUege  and  undergradu^ite  areas, 
which  they  cannot  3upport  because  of  insufficient  funds. 

I  continue  to  hear  about  the  very  small  SEE  staff  and  about 
their  efforts  to  get  the  job  done. 

Those  were  normal  condi'.ions  when  I  was  at  the  NSF,  when  the 
directorate  was  being  reestablished*  I  am  surprised  to  see  that  the 
size  of  the  statT  has  not  increased  to  match  the  added  fij»ral  and 
programmatic  responsibilities  which  BEE  has  been  given  by  you. 
I  uige  you,  Mr.  Chairman,  and  your  colleagues  to  examine  and 


I  know  I  have  been  mvited  here  today  to  apeak  particularly 
about  NSF-funded  precoll^  traicher  enhano^ent  projects  I  have 
been  enga^d  in,  and  I  shall  do  so.  However,  the  entire  education 
enterprise  from  advanced  graduate  study  on  up  through  the  pri- 
mary  grades  is  inteironnected,  and  its  leadendiip  at  the  federal 
level  shcnild  be  interrelated. 

As  an  example*  I  understand  that  the  Administration  propose 
that  the  Presidential  Scholars  Program  announced  by  President 
Bush  be  houa^  in  the  Deimrtment  ^  Education.  That  is  a  mistake. 

I  understand  that  3rour  version  of  this  program,  Mr.  Walgren, 
puti;  this  program  wli^re  it  belcmgs,  at  the  National  Science  Foun*- 
dation. 

One  ci  my  frustrations  in  working  at  the  Foundation  a  few  years 
ago  was  our  inability,  due  to  the  lack  of  finding,  to  develop  a  com- 
prehensive set  of  programs  that  would  provif^  incentives  for  all 
levels  of  the  educational  system  to  help  sol^  our  prdblems. 

The  growth  the  scknoe  education  budg^  for  which  you  should 
take  ff^t  cr^t,  has  enabl^  to  b^m  developing  a  brcMder 
set  of  pr^srams.  Yet  a  great  deal  remains  to  be  done,  especially  in 
the  area  of  undergraduate  programs,  where  the  initial  promise  has 
been  fh^trated  by  NSF  management  decisions  that  I  believe  must 
be  changed.  I  will  return  to  that  in  a  moment. 


remedy  this  situation  very  quick]; 
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As  &r  as  th9  i»ieoDUege  teadtor  fNrwraiiis  are  conoenied,  I  don*t 
have  to  rel^urse  for  ^cm  the  itotistics  ycra  have  akeidy  heard 
about  the  shortage  of  qualify  teachers  or  under-prepcured  stu- 
(tents. 

NGF  has  a  volh.  Has  thp  natkm  the  will  to  do  anytJiing  about  the 
diai^rous  mtuatiim  you  hai^  iHsard  abmit? 

In  the  town  I  oome  frcHn  we  ray  a  professional  baseball  player 
more  in  one  year  than  any  teadier  earns  in  a  lifetime  or  a  Ccm- 
nessman  earns  in  a  lilirtime  of  service.  Where  is  the  leadersh^i 
uut  can  Iwlp  turn  this  around?  [Laughter.] 

In  adenoe  ami  n»tl»matk»  ediu^tion  leadership  must  come 
hmn  thd  National  Sdbnce  Foundaticm. 

Fm  about  a  doasen  years  in  tha  post-Sputoik  era  NSF  funded  a 
substantial  program  <h  summer  and  academic  year  iratitutes  we  all 
know  ttbcHit  AiHm>ximatidy,  $600  millicm  was  spent  on  them  insti- 
tutesp  and  by  some  estimates  about  50  percent  of  all  eligible  tecurb* 
era  participated 

It  wm  a  time  of  jnneat  ferment.  New  curricula,  new  teaching 
methonb  wotb  trM.  tlie  morale— and  tibat  is  the  important  point— 
^e  morale  amoi^  teacl^rs  was  very  high*  Tlmre  was  a  sense  that 
8onm>ne  cared  about  what  they  were  doing  end  wanted  to  help 
them  db  it  the  best  poraiUe  way. 

Hiat  scmieone  was  the  National  Science  Foundation,  esierting  its 
leidOTship,  not  dragging  its  feet 

When  NSF  fundmg  waned  and  academic  budgets  got  tight,  the 
institutes  dmapprared*  With  the  establbhment  of  SEE%  i^ain  six 
years  ago,  ttere  came  an  opportunity  to  recapture  this  vitali^  that 
was  so  apparent  during  the  old  institute  period  and  so  missmg  by 
1980. 

However,  tl^  i^w  programs  are  not  simply  a  rehariiing  of  the 
good  <M  days.  The  old  inatitutes  were  top/down  operations.  Teach- 
er enhanoenmnt  pnmcts  by  contrast  are  partnerships  amrnig  teach- 
ing colleagues  at  all  levels.  Apintipriate  precoUc^e  teachers  are  in- 
volved in  all  phmoB  of  the  projects. 

Fm*  euunpfe,  the  Aasffltant  iMrector  of  the  Ini^tute  for  Chemical 
Educatiim  is  a  hi^  sdiod  teedber. 

A  fiirther  diange  from  the  past  is  the  emphasis  on  fbllow-up  ac- 
tivitim  for  and  by  teacher  portidi^mts  in  tc^u:her  enhancement 
prqy?cts.  The  ob^^ctive  is  to  raster  networking  among  tradiiers  ami 
to  encourage  teck^ers  to  share  what  they  have  learned  with  otl^r 
teachers. 

The  tead^nrs  teaching  tctfu^t^  model  is  at  the  center  of  the  Nl^ 
straiqty  fm  exerting  l^ulerriiip  aM  multiplying  the  effiect  of  its 
limited  fbnds.  activities  were  unknown  in  the  old  NSF  insti- 
tiite  prq^»i:ts. 

Do  ^me  strategies  wmk? 

I  listen  to  a  lot  of  teadwrs  say  morale  is  inc?  leasing  and,  based 
upon  idera  from  teacher  enhancement  projects,  leadiers  are  recon- 
sidering ami  reshaping  what  is  tau^t  and  how. 

Since  1984^  finr  «cample,  about  1,500  tMurheiB  have  fmrticipated 
in  our  Institute  for  Chraiical  Educaticm  two  and  ^-^^raek  work- 
shraa.  Folkiw-up  evaluations  sl^yw  that  sati^action  with  workshops 
and  tbmr  content  incrrasm  aftw  teachers  Irave  ami  start  to  use 
the  material  they  gained 
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«f ^^!n^^'  ^  average  ijartiapant  carries  out  the  equivalent 
a„L£?  workshop  for  ei|h*  to  ten  other  teachere  ^ch  year: 
Aigcdi^iUy,  we  know  of  lots  of  more  sustained  activity.  ^ 
iflS?"  J^*?*^?!Ly*^".^*H°P**  PellowBhip  Foundafion  has  smce 
IS^f'Sl^'*^  *  **!2"  four-week  suiter  institutes  for  Si 
SSSSnSlT^'  n^ffhematics,  and  physics  teachers,  which^I 

^SSSiLS^^^!!^"*"*?  ^  «bo«t  650  teachers  have 
pwta^ted  m  these  wortshope.  some  of  whom  are  in  this  room. 

Smce  1984,  four-member  teams  of  participants  from  these  work- 
shops have  given  a  series  of  one-w^  miS-institutes  at  se^S 
«^  around  the  country.  Through  last  summer  138  theaeS- 

^t^t"^.^  ^^''^  *  ^  enrollment  of  almost  "tS) 
tj^ters.  For  this  coming  summer  83  of  the  mini-institutes  will  be 

One  outatanding  teacher  from  this  prt^ram  says  it  kept  him  in 
t^chmg  when  he  was  considering  become  a  full-t£me  GenVr^  ElJ?l 

m^SSrr^  ^®  *****  f^^^  student*  now  worit  with  ele- 

m^tenr  t^hers  and  do  more  tl^  100  elementary  school  scien^ 
propinM  each  year  m  his  school  district. 

T^her  enhancement  projects  are  bearing  fruit  in  a  larse 
number  of  ways.  It  is  too  early,  however,  to  issess  the  effected 
*t  enliancement  prokcts  on  student  performance,  but  it  is 

U      eS'ri^""^^     student^ormaT  l^veT 

r^^fj"'**       "^i^  *»y       manner  or  m^  untU 

some  fundamental  changes  in  the  nation's  priorities  occur  and  edu- 
^Uon  takes  Its  place  with  defense  and  bas5>all.  As  w^tiS^to  the 

T^l%°N^'l,S£r '  ^  maintaSSd. 

♦,.J«V^c  -11?^"^  Commission  recommended  an  expendi- 
ture of  1176  miihon  to  provide  this  leadership.  An  authoriStiwi 

Mr.  Chairman  and  members  of  the  subcommittee.  I  ume  vou  to 
^ine  ^e  SEE  plan  carefully  and  continr^Kur^Tou^^ 

A^ful  ^  i^J^  f""^  8®^^  priorities  in  order. 
At  tJie  undergraduate  level,  undengraduate  science,  mathematics. 

StioSXSf  "S'T  /^Ir  overlooked  i^S^SS: 

rational  pipeline  for  the  technological  workforce  in  the  U.S.  despite 
Its  cental  positiwi  in  the  pipeline.  "wpiw 

^¥  important  role  m  the  preparation  of 
the  country's  ftiture  l^ders.  We  have  heard  about  soiSTof  tho» 
this  morning,  ntA  only  as  scientists,  but  ^wwre,  busSS 
people,  and.  yes,  the  politicians  that  we  heard  from. 
.«iS?ILl5^  if®°  several  recent  national  reports  about  under^ 
graduate  education  as  a  whole.  These  reports  haVe  raised  a  nunl^ 

^^^U^-  ^^^'^^^^^^K        .«Jualit7  of *undei^duate  ^uSoS 

°ver«pecialiratU.  deciBasid  faculty  att»nlS 
to  undei^graduate  programs,  courses,  and  students. 
. **"P*®     n»n«tes,  I  have  two  purposes,  to  urse 
you  to^eyate  jmaergraduate  education  to  a  coeq^al^l  SSS 
cem  and  importance  with  your  appropriate  level  for  precoUege 
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oducatioii  at  the  National  Science  Foundation  and  to  urge  an  ap- 
proach, consolkiation  within  the  National  Science  Foiuulation  of 
&E  Directomte  of  Undw»duatelnstructiimal  Programs. 

What  happoied  to  NSF  leaitership  in  undersraduate  educatm? 

When  you  approiwiatelyreertaWished  the  directorate  in  1983, 
there  was  an  over^t  NSF  graduate  ftmding,  or  graduate  edw»- 
tion  urtivity  had  never  been  eliminated  in  1^1.  and  you  put  back 
mecdlege  activities,  Imt  not  undergraduate  oAivities  because  tliere 
was  no  great  public  outcry  as  there  had  been  at  the  precollege 
level.  The  result  is  that  we  have  a  pipeline  with  a  raping  hole. 

Two  ^ars  ago  there  were  definite  signs  that  NSF  was  gouig  to 
mnlta  a  m«or  positive  move  to  reassert  ite  leadership  and  concern 
ior  the  hwith  of  undergraduate  education  much  as  it  had  earUer. 
Under  the  le»l^ship  of  Homer  Neal.  the  National  Science  Board 
produced  this  report.  Report  on  Undergraduate  Scien<»,  Enjpieer- 
ing  and  Mathematics  Education,  that  called  for  m^r  mitiatives  in 
NSF,  and  we  were  at  first  encouraged  vrith  all  the  rhetoric  an- 
nouncing NSF'a  plans  for  undergraduate  educaUon. 

But  ckieei  analysia  has  turned  the  hope  to  disappomtment  and 
BnaUy  to  dismay.  .  ^  -* 

The  Neal  report  called  for  a  strong  central  management  unit 
within  SEE  to  <tevelop  and  administer  a  comprehensive  set  of  pro- 
grams.  Initially,  we  saw  such  a  unit  established,  the  Division  of 
Undergraduate  Science,  Engineering  and  BJathematics  Education 
and  a  togical.  reasonable  beginning  set  of  orograms  was  prompUy 
and  dearly  announced.  But  now  something  has  ^ne  wrong. 

Inexplicably,  the  SEE  undergraduate  budget  is  not  being  wgmfi- 
cantly  increase^.,  and  the  Foundation  has  announced  that  the  ma- 
jority of  undergraduate  effort  will  take  place  in  the  res^rch  direc- 

These  distributed  programs  are  mostly  a  great  mistake.  Responsi- 
bility for  uniteinraduate  programs  dkftributed  among  the  research 
directorates  is  Sffuse  and  uneven.  With  all  the  good  will  in  the 
world— and  this  good  will  is  not  always  apparent— the  research  di- 
rectorates are  not  organized  or  staffed  to  support  undergraduate  in- 
structional activities.  J  • 

Not  surprisingly,  the  m^r  thrust  m  the  distributed  activities  is 
f<w  the  researdh,  not  the  educational  improvement  or  instrucbraal 
development  called  for  by  virtually  all  reports  on  undergraduate 
education. 

NSF  needs  a  strong  -^tral  unit  for  undergraduate  edu^^^ 
that  is  clearly  vkible  anc  has  adequate  resources  for  tl»  job.  SHE  s 
Division  erf  Undergraduate  Sdoice,  Engineering,  and  Mathematics 
Education  is  the  obvious  cand^te  fbr  this  toadership  role. 

A  »ngle  division  provides  a  focused,  re^wnsivB  point  of  contact 
for  un^rgraduate  activities  of  the  Foundation.  ^  ,  ^ 

A  ein^  diviskm  provides  an  efifective,  unified,  credible,  and  a^ 
tentive  voke  about  undergraduate  activities  to  otlwrs  parts  of  PiSF 
and  other  federal  agendas,  the  states,  the  cpUeges  and  univwwtMa. 

A  single  diviskm  provkies  the  alaUty  eaaily  to  handle  broffiUy  dis- 
dplinary  proposals  and  interdisdpUnary  proposals. 

Thavc  urgued  that  it  is  diffkult  fbr  NSF  research  directorates  to 
be  e£fective  in  managing  programs  designed  to  help  resdve  the 
pxtiblems  of  undragraduato  educatkm.  Similarly,  it  would  be  a  sen- 
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wsmifltake  if  NSP  efforts  to  hdp  resolve  these  problems  were 
vested  in  an  oi^aniaitional  unit  that  had  no  onaoiiur  relfltiormhin 
a^i^t  from  the  scienUfic  community  wSh  a^ve  ilfw  S 

niSSS^^irS"**"^  ^  this  conununity  as  rotating  staff  in  the 
Uniteisraduate  EducaUon  wUl  help  avSl  «S  e™ 
FJuther,  there  afcould  be  stfxmg  interacUon  bet^  the  undeS: 

is ^  ^  directorates  along  the  iSS  [hSi 

have  ouUmed  in  my  prepared  statement 

«.HSr!  ^  Undeigraduate  Edu- 

2£i?v1S'NS^*'±L™*'' ^  responSTy  ^d  the 

SSSJSr  "ndeigraduate  education  with  a 

«B^ndaiy  but  vital  responsibility  vested  in  the  research  director- 

Th^j^JJ^  rf*^  carefully  considered  a  telanced  set  of  programs. 

ssx^^FoTdaS  t 

foSSoSd     SSLwe'"  '^^"^  ^ 

ftS"4!^^  P^S-^te':^  a're^^ruT^i 
S^ti'l^&^ul^^ISS^"-^-  -^^^  iSrthen'runrrSSS^ 

and'S^I?'""  ^  P«»P^«        work  in  creative 

and  ^ucuvc  ways  over  the  long  term  and  in  ways  which  vSl  n^ 
sap  their  creativity  ca-  their  sdentific  currency 
-Jri  '^'^S^^        programs  are  woeftiUy  underfunded  and  as  mv 
jmtt^rtjtement  outlines.  v«y  unbatoSLd  when  coSUSS  to  Z 

giSJ^^edSStSnvf!!'"**"^^  ^  "nder- 

SSSTn^W  importance  is  the  manner  in 

2S  to^f^^J°  W™^„»»»^^uate  education  are  repre- 
f«    u  ""'^^t'eS'  coll^,  associations,  foundations.  ^ 
o^ra  to  whom  undergraduate  education  is  a^SgnificSt  OTncTn 

r^^^        ^f*""*^  ^  undeS?adS  p^^ 

receive  both  time  and  attention  fmm  faculty.  The  NSF  iSdSaSJ 
rote  the  community  is  e«rtei  tl^rou^S  pr^rS  ifd^M 
aiKi  tiie  projects  jupp^  by  chem.  T?  nX  iS^iShiTS 
We,  It  18  crucial  thatthe  unit  i-esponaible  for  undermSdwrte^^ 

J^J^^^e^meenng,  maUiematocs  as  its  dominant  responsibility 

-  J^iS?*  ^  longevity  of  problen»  experienced  by  undereradu- 
SlS^SSff*  strongly  that  we  n^  long-^S^^ 

o^toent  to  undeigreduate  education.  Past  artions  ^iSkSS 

SSw£^hSf"^^.u***^  '^cogni^e  Uus  n^^d^re 

wilhng  to  help  provide  the  resources  to  me^  it. 

at^S.^"  opportunity  to  bring  these  concerns  to  your 

[ThB  complete  prepared  statement  of  Dr.  BeU  follows:] 
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m  wiTioiiAL  scxnce  rowioiTioi's  Lupnanp  wu 
n  pmcQiijes  aid  «imaiuMDa*Ti  isoeiTzei 

TMtlmr  ftri ■•<t»<  To 

Hmm  of  IhUMTMMUUt— 
CoMittM  on  SciMCt,  ^^oeOf  «o4  Toc^ilow 
SubMOittM  oil  SoimcOf  Rowmpclif  Md  To<A»oXofT 

tarc^  9,  1989 


ProfMOOT  o#  <%oiilotry 
SlOMM  Oollofo 

Diroctor 

ZQst4tttto       CliMicol  Stfuettioii 
Vnivwolty  of  ViociMMiR 
MiOMt  VX 
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T«dUMlg«r,  »r         i-  Jmxty  A.  Ml.    X  m  Prof.Mor  of  tammimtrr  •% 

I«»M«*Mi*t«  M<l,  •ine*  iMK,  I         Alto  bMri 
•a  ap^lRtamt  «■  Viaiiinf  ProfMMor  at  tJrt  Ualrtmity  ot  tfiMee«la> 

«>•  XB««t«t«  for  (ArnlcMl 
UttcMlm.    Thm  Xaatltata  for  OtMileal  Edtw«U«a  wmm  maUbilmim  In  1M3  afc 

6^1«trr  mt  lU  •*ic«tHw«l  Imia.    Slnca  1M4  UM  iMUtst*  im«  nKMtvMI 
profrwaXaf  toUilaf  aar«  tkaa  «  niiUoa.   TJi«  Xaautsta  cooUamw  to 
Mn^a^^TI^Urr  '"•^"••^  Proffrma  fo, 

X  aa  ploaM«  to  ftavo  t&ia  opttortunitr  to  po-MMmt  a*  viwra  m  tte  atataa  of 

?s%i^;ii!t2sri.^;rLrrr  r:."'*     ^  "'-•^ 

■».  CUmaa.  .a  m  antf  »««tar.  of  uue  SHbceaaittoo  aa4  lU  ataff  know,  t 

M^waad  la  odueattoa  alaatm.    2  aaaora  roa  tiMt  mtteot  tiM  tola 

a#  thla  *«beo>.tttaa  ami  taat  of  tlia  Coa,raaat«»irCoaaltuS^  ^ 

aducaUea  iro«l<i  atlll  bm  very  aaali.    n«  aaa  of  .11  tiM  roan— 
i^BUM  f or  tbo  m  PlrMtorata  for  fcioBe*  aad  Eo«laoarl8«  UueatloB 
a'ooa  1M«  baa  aa«  ool,  «S4  .lllioo.   Tho  taUoa  l/«ratafo?  fortta 

Oblitatloaal  AatiiorUy  to  SEE  UUM«iAM^  to  tha  w  faB«ia«  ^td,  ua 
Adaiaiatratlea  rwioaatad  for  Flaeal  foar  ISM. 

i*lla  at  tlio  FooadattM  (and  bafora  aad  olnca),  I  eoaltf  »ot  «BdarataMi  Mb* 

l*»at4oR  at  »sr  «aa  saroad  «iti   tbo  dlaaaUUiateoat  »aa  UiamprJMMm 

^?,Sff  i'Jf  '^'V^'  «•  Coagraaa  dlraSIS^ 

rMOtaMtab  lt»  aelaaea  aduoatloa  aeUvtUaa  aad  ^dMi  fwrtTfL^at 
PW.   Th.  ra«H»,tl«i  dra«^  iu  fat  both  ialTaal*  SSlSTalSff 

LlS!*"**?^***  to        i,  tba  auaaar  of  iSM  aad  aaa  qaieklr  aabaaroad  lata 
52!^i!-^'^!!r"  •^•'"'*»«  •cwitlaa.  By  that  Uaa  aoawLT^oS, 

»  ■  Proeoilata  Coaaiaalwai  KaMrt,  hmti  ff»iin  bTqw 

^JUttiJ  'V:;^^'^  ~**  »»  ^  otJSaSca 

m5?  ff?;    ^  Selaoco  Beard  Rapert  eallad  for  aa  iawtaaat  of 

nn  aillloa  for  praeonogo  j„,t.«j  of  baadio.  tba^T^ 
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•Mlfttari  folicir*««tti«ifl  Mhp  IcMT  Urn  M«tlQiiil  doitm  re«Ml«Uoa#  U« 
AiiiilstnUcNi  •MkH  im  m  iMaOML  «^  ^  _ 

»illiMi«  Mittf  ftll  MMTts  of  osoiM  to  jftoUfy  t^lo  ocUoo.   SiMO  itt5  thm 
MtoiilAtroUoaU  ro^sMU  fM*  iciMm  octMoUoo  fandiOf        4iorXor«<  o 
iiml  iMli  e#  4«ii4wrohi9       w  MKmtim  of  «l0Mrly  otoUd  oUt«t«ry 
roipo»ii**4iitf# 

L«t  K«  osqpltiA  tbit  iMint*    TH«       Aot  of  i9M  elMrlf  ototoo*  "TlM 
Fow^UM  is  MtlrariMd  sod  diroei«di  to  Aaitiato  m4  iwort  bMle 
fMMmk  mA  irafrm  to  stravtlMm  iicinUf ic  xommn*  yefeontlftl  «i4 
•eiMM  •dvootion  fmnrroM  «t  oil  Imis."   to  Vtm  foot^H^potAili  «r«, 

i«  to  its  otototorr  ootlwitT  twtfc      nooorcli  «d  io  o^coUoa.  X« 
tto  IMO'o  tlM  MTpMrt  for  roMorcA  frov  whilo  tINi  «Wor%  f«r  o^NooUoo 

In  Ifii  tte  CoooroM  moetod  «  9-Toor  imtteriuUao  Mil  tJMt  woold  ieoMo 
tiM  Mr  teigoi  ood  tto  Prooid«it  oifnod  it  ioto  l«v.   Tot«  iho  Fioeol  fow 
1990  J»r  ro^BOOt  for  «S  io         ««0  olXiloo      ooooMwroMr  >oio* 
tlio  Coofrooo  ttithca'ttod  Md  iho  Pimidoot  oifMd  toto  Xov.   1  ooot  toll  fm 
that  tHio  irro^pooolblo  ro^ooot  ooUoo  of  tto  AdsiAiotroUoB  <Vff 

ond*  of  ooorooy  om)        sot  Ntlf  thio  lottm  oolvo  Ito  FfoOlooa  in 
l«iooco  01^  MtboooUeo  edocotioa  or  ov«rt  fortlMr  oriooo. 

I  ftoot  HootoR  to  o^  ofM  poiBt  vory  oloor«   Ihr  i^wiooo  roooiiio  mto 
diroetod  at  1^  top  oonofopoot  of  tJMi  fooodotloo  «id  t^  polioioo  tlw 
Diroetor  dovoiofw  with  CaiB.    I  hovo  tto  hlolioot  ^iroUoM  foar  wf 
OOUoofUM  in  tto  Oiroctmrato  for  9eiooeo  ood  loflftOMrlOf  IdoooUoo.  Ttor 
coatimio  to  iNrovldo  mccolloiit  ootioool  loodorohip  doopiU  llvitod  rooonrooo 
Md  doopito  ttolr  toovy  vortt  o^wrlood*   I  ocmUsoo  to  toor  otaot  tto  lor^o 
ttMtor  of  hifffi  qooiity  pr^iooolo  ttot  aSC  roeoiVM,  in  totH  tto  procoUo»o 
tRd  tmdororodooto  orooo,  ^iek  coanot  to  o^ortod  toeoooo  of  iOdoffioiont 
funds*    M  t  eootlouo  to  toor  otoot  thm  tot?  mmmlX  MS  otoff  and  otoot 
ttolr  valiiot  offorto  to  oat  tto       ^»oo.   Ttoao  vora  -noraal-  ooodiUma 
dvriiif  tto  oarly  poriod  of  roo«tdlr|ioto«it«  tHnm  I  vao  at  fooadatiOAi 
I  aa  vary  aurpriaod  that  tto  alM  of  tto  otoff  too  Mt  ioerooaod  to  aatob 
tto  adtod  flacal  ood  profrawMUe  roi^oaaibiliUaa  wHIcA  »  too  toM  ftvao 
^  tto  Gtooraaa.    I  itrfa  ro»#  tor<  C3lalraafaf  aod  foar  coX2aa«Ma  to  amiao 
and  roaody  thia  aitttation  vary  ^ic^ly. 

ir.  Ctoiraaa*  S  tootf  ttot  X  tovo  bwi  iaritad  today  to  apoak  parUcaiariy 
atoat  tJ^a  HV^fssOod  f^roeoliofo  taactor  aotawmat  ^jooto  Z  torn  torn 
Mfofod  in  aod  I  atoll  do  ao,   iovavor*  tto  aotiro  oAmUaa  ootarpriaa, 
froa  tto  ^iaary  fradoa  throat^  i^aaeod  ^radaato  atady,  ia  iatwoaoMctad 
and  foeaaaifif  attoatioa  oaelaaivoly  oa  ooo  lovol^  or  ooo  frmp  of  poopXo 
within  it,  ROflocU  U)MO  iaportaat  oonaoeUooa.  Ooo  of  ay  fraatratiooa  in 
trnkiof  ia  aeiaaca  adueaUoa  at       a  fan  yaara  a90  «ms  our  toaMlXity.  daa 
to  laeJi  of  fimdiRf ,  to  dovolop  a  atmpn^Mialvo  aot  of  pregraaa  ttot  aoald 
prorido  aa  iaaaatira  for  iH  Xovoia  of  tto  advmaUoaal  ayatm  to  tolp  aolt^ 
tha  problaaa  tha  toUra  fwaa.   Ito  froiftli  of  tto  aciaoco  adacaUoo  totfi^t, 
for  vhit^  ran  atotild  tato  «raat  oradit,  hmm  Mablad  m  to  bofin  dovoZopiOff 
a  brotoar  aot  of  prograaa^  aocoopaaaia^  all  adaeatioaal  lovola.   Tot^  a 
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4«el«l«M  tiMt  X  sliMtd  tw  ehtngwi.       """""  •M«fl~Mt 

ttrt  CM         turn  tKing.  «ro«,,d»       «:l«acr«,d  kSiHtS  iSlJS' 

S.^S-'^-fiS.  S;i:ii1^  SS;  tS  - 

sirir"*'-' 
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Ub«r«Urf  worn,    Tfci*  •e«d«slc  wo^X  Ufid«4  to  h«  tr—sfwg  to  t>> 

Xi  vorHs  iMilI  to  |»rofmr«  abla  m4  cM«ltto4  •tiidmta  f«P  toctei^l  cammrmf 
mit  i«  cwwtitf'^T^^^i^  to  i^Mtuciftf  •  •clotttifiwilf  litmto  elUmry- 
w  Wft  ©»«  Ui«t  «H(»|»^i«t««  our  wNimtta  pr«»«it-d«T  d«?«i^»c«  «« 
tM^lofr* 

9iac«  th«y         "•tfd-oii*'  to  otNur  ccaia9i«to  profrm,         MSi  ftu^iog 
MiMtf  Mid  •M4t«le  lwd^t»  tot  tlfbt.  UMi  X«»t4tttU»  disn>Pom4*    Uith  thm 
wmUhli9lmmkt.  of  «E  and  tM  oro^Uoo  of  Um  imv  TMCtar  InteAC^sst 
n«griaa  at  t)i«  RS^  »i»  ro«P«  «i|Oi  thoro  cMmm  mn  o^f^fittoolty  to  roc^ytoro 
too  vitolity  •©  owtrottt  during  tko  old  ZnftUtoto  fforiod  ond  oo  MiMi»«  ^ 
iSm.    Sofiovor,  iitforMd  br  b«tH  tho  •troiifftli*  ood  tiMltwi  of  tho  old 
XootitQto  progyMO,  tho  nmi  ptoqwm  m  not  miopif  •  r^ooiisf  of  ^ 
<-«ood  old  doyo.-   TiMi  old  lootitatoo  lioro  "topi  doim-  o^orotioM,  TomImt 
SataMMNmt  inrosooto  mxm,  hr  oMtroot*  fmtoorMi^  •ooof  too^n* 
collooffOM  ot  oil  lorolo.    Aw>ro?rloto  proeollogo  too^oro  oro  Imwlvod  U 
Dl«ttai«9       projocto.  iA  iirmiif  too  foadiiif  rafoMto*  ood  mm  pwt  of  tte 
iootrooUoiiol       follov-uii  octlvlUoo  otoff .    for  omoMo,  tho  AMloUat 
Slrootw  of  tto  XMtityto  for  Chooicoi  Edoeauoo  is  •  hi^  octaol  toocfcor, 

Aflottar  coatr«it  bttnoon  tto  old  Md  nov  oodolo       oootiaulof  profoaoioMl 
dofOloFOMt  oeU^itlto  io  thtt  wf  orfl^«ot4<»  or  iftoiltvUoo  oltH  m 
odtteotlflttol  oiuloa  U  olif  llilo  to  ooafc  Toodtor  In^mwoot  f»do.  Im 
oddiUoo  to  collofOft  ood  uolvoriiUoo^  ouomo,  profooolOMl  oooioUoot 
odtool  ofotoiot  youto  organixatlono,  tod  foojidotiooOf  oooof  ot^OM^  sro 
eorrylAf  out  •acccMfvl  K«^}Ooto«   Aroodooii^  tMi  oliffibllitT  f«r  pro^oct 
dovolopoMit  MOdo  •  ooMM^o  to  tlHi  odvcotlojB  mtmilty  thot  oelmo  ftod 
ii«t3^«otie«  MJiould  hm  otdo  •ccoooiblo  to  ««d  midoroUodobXo  by  oil, 
oolr  t)w»o  ho«dod  for  to^a4c«l  ctroorm*    io»-tT«dttloool  ooorM  oad 
rMOstrodo  for  too^MT  profoMioMl  tevol^MOt  coo  telp  totcdkoro  fooso  ^ 
tiao  ffldor  roBponolblllty  ood  noyo  to  ec^  i^th  It. 

A  ftnrtb«r  ckm^  ittm  thm  pmmt  1«  tho  oophsiia  o«  follov^op  ootivltioo  for 
by  toifMior  portlcipo«to  in  Totebor  BnboRCoooot  i^joeto*    Tbo  objootlfo 
io  to  footor  Bttiwblo«  wtoofl  tbo  toaoNHro  <o»d  otoffi  io  ortor  to 
rtUif oro*  ifbot  boo  booo  doao  io  t^  oora  latoooivo  pbooo  of  tbo  projoot,  to 
Mf^t  introdiioUM  <tf  oon  eootost  oad  ootbodo  tbo  toooboro  hmm  losraod. 
•fid  to  oocowrof^  tim  tooeh«ro  to  tboro        tboy  bovo  loorood  oitb  otb«» 
toadMHTi.    Tblo  toMTboro-toocblftt-toocbwro  oodol  lo  ot  tbo  oont«  of  tbo 
RSr  otratofy  #or  o»orU»«  Xootooblp  ond  »)ilUplyib«  tbo  off oct  of  4to 
liBittd  fuAdo.   Sttcb  AOtivitloo  voro  onbooim  in  tbo  old  lootit^to  projooto« 

ttVt^ffntli    ^  tboto  otroto^ioi  mr  t   I  ottood  Moy  ffotborin^o  of  ooioaco 
toMboroi    olooot  oliroyft,  myotoI  tbo»  vlll  bovo  boon  to  workob^  or  otbwr 
i^roMmtoiiODo  by  tooeborn  %ibo  biro  boon  portioipooto  in  IST-fondod  Tooobor 
fiUitnemoat  pro:|ootof  If  tboy  tonnnolvM  boYO  not.    ioaralo  io  ioemoolny 
ond*  Nood  ttpon  i'fonn  fro*  Toocbor  Snbancwmt  projoeto  tboy  or  o  oolloofoo 
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»Sr-fun4«d  iMtitttt.  for  ChMlcil  Eduction  t«e-  .nd  •n-w^k^orli.hL. 
«•«  to  BM  thBit  RM  knwl{id9«  end  praaimt  it  to  othe-a.  StatiatlcallT 

pa«..  otbar.  «(.o  h.va  davalopad  Mt.  of  ioc-iiy-«»«il«i,i,  .ntrtairfoJ 
t*a  raauUa  «f  ta«Alng  id...  d.ralopad  fro.  thalr  p.rtleip.tlM.  S«2 

r  .  "  partlclpaata  6av»  «iv«a  o  Mriaa  ox  m.-waM 

tnatituta.  ,t  .»«a  arouna        country.  ^JJSuS  ^«^.«  133 

37P0  teachara,  for  tnia  coaxnc  .uaaar,  aj  0*  tna  aiax-ioatitutaa  -lii  h. 
fauir.  Erm  tlicii^h  ha  now  ..kaa  t.aa  .onar.  ha  aaya  fc.  will  na^rDaint 
gIUtmI  r?!^»,t!       teaching         h,        con.id.rlng  baconina  .  fuXl-tl., 

•aLT,^^'^.^tr^.c."^o^ra"^^  •'•"-^ 

I«?*alf2l^r*"\*r^'*'*^%'**'''"'  «P'«""t'"'*tia.  to  i,a«p  «p  to  d.^..  to 

11"  al'ilSaSsv'/"'    ^r"^  ^  t«:.-  ln^«:c\:i;  ,o^'; 

an.  aa  avldancad  by  iner.aaios  attMdaoca  ami  partlcjp.tion  in  orof.Ji™.! 
Matlaga,  .t  tha  l{.tioi..i  scl.nca  Taoch.r.  i.Lclatlon  .JJuiJ  SlJ 
•<mth.  aora  than  threa  de^an  praaantation.  .nd  -orkahop,  h!  ow^  v! 

u  ar.iriJaftJ"^'^'^  ^«H.oe..antt"o^:tT:r.ti;?     ca":  lt" 

•tuonnt.  raapoad.     within  thm  n«xt  /Iv-  ynara  »•  viij  to  m>  th. 


-5 


113 


108 


gga^re^a  ll»qulr»<*.    Bttt  mm  tr*  not  out  af  thm  moc^z  y«t,  by  •ny 
Unta  momm  ^uadoitiittl  ch«ix9«      t!i«  il«tiaii'»  (»rioriUM  o<»:tir«  •nil 
•4uctUon  UhM  iU  Plftc*  with  dmiwwm  <anrt  &«Mb«U)  «s  ^•^ti«l  to  %hm 

Aai4t«ia«4.    In  I9i3,  tha  nS8  Fracoilaga  CoaaiMt<m  racoaaawlad  an 
aapaa4itur«  oi  ei75  aillion  to  provida  thia  taadarahip.    Aa  authorlaatlon 
ar.tf  ap^at^lation  of  »iao  allUon  for  iwacoHasa  profraaa  for  rtac.J  taar 

i#ould  ba  juat  adequata  and  3^*^  In  tha  nicli  of  tiae.    Tha  SEE 
Diractorata  haa  a  waU -foraulatnd  plan  for  allocatia^  thaaa  fuada  aaon^  Ita 
pracol!.a«a  pro^aaa.  inciy^iing  tha  t«achar  Enhoiicaaaat  pro^raa*  that 
dlractlT  lapact  sona  and  indlractiy  aany  aora  taach^ra.    Hr,  Chatraan  and 
aaabara  of  tha  Suheoaalttaa.  X  ur9a  you  ta  avaaioa  tha  SEE  plan  carafuXly 
and  continua  tha  couraa  yo*i  hava  tahan  in  tha  paat  faw  yaara  toward  fatting 
OMT  prioritiea  in  ordar. 


UndargraduBta  Scianca  Educatloa  PrograM 

Ondargradaata  aci^cvf  ■a'haiaticfi,  and  aii9in»arin9  aducation  haa  feaan  tha 
lmw9%^f  0a«rloakad  lir.:.  iR  tha  «ducatiQnai  pipalina  for  tha  tachnoio^ical 
worhforca  in  iha  daapita  :^a  cantrol  poaitlon  in  tha  pipaUna^ 

rorthar,  it  l^laya  a  aoat  iaportant  rola  in  tha  pr^ritioa  of  tha  country'a 
futura  iaadara,  not  only  aa  acivntiatat  but  aa  la>rr«ra,  huainaaa  p«opla» 
•od,  y«i«  poUtici^nar    Tha  edia^a  yaara  ara  for  aoat  of  ua  tha  haat  aDd 
laat  opportunity  to  opt  into  acianc*  ctraaraf  or  fain  auff ic  ant 
undarttanding  to  vota  wiaaiy  and  Uva  pioduetivaly  in  otur  incraaainfly 
tachnolofical  aoeUty* 

Thara  hava  baan  aawai  racact  national  raporta  v^ut  wndarsiraduata 
aducatioa  aa  a  whol*.    Thaaa  raport«  hav«  rtiaad  a  nuahvr  of  concern  a 
iacZttdia?:    tha  quality  of  undar^reduiiLa  aducation,  ova«-aaphaaia  on 
«pa<3iali<Qtion  and  profaaaionaily-oriaot'^'i  pro«r«aa»  and  dacraaaad  faculty 
attastioa  to  wndorgraduato  prograaa*  couraasr  and  atudasta*    Savarai  of  tha 
r#porta  axprasa  daap  concarn  ahovt  tha  doairianea  of  raaaarch  intaraata  ovar 
undarfraduata  intaraata.    Z  haatan  to  add  that  ahat  ia  noaM  ia  a  aharply 
incraaaod  aaphaala  and  aupport  for  undar^radyata  aducntionr  not  a  4^rm9^ 
in  tha  Im^mX  of  aaphaala  and  aupport  for  raawrch,    n»a  raporta  alao  afflra 
thia  viaw. 

ly  IntarraXotad  purpoeoa  in  tha  raaaindar  of  thla  atataaant  ara  twofold; 

o    to  iir^a  you  to  ala^ata  UBdar9r«d«iata  aducatioa  to  a  coaqual  laval  of 
concarn  and  iapmrtanca  with  your  appropriata  laval  for  pracoUa^a 
adiicatiottf  and 

o  to  ur^a  an  approach*  conaolidation  of  MST  under^raduata  inatructional 
prograia  nithin  SEE,  that  I  baliava  la  asaantial,  if  tiia  agancy  la  to 
anccaad  In  lon9  ten  atrasftheoin^  of  undargraduata  education. 

Tha  Miaalt^  Ljnk,    Why  haa  cclla^a  laval  aclanca  aducatlon  tandad  to  ba 
ovar^ooicad       indead  "naglactad"  according  to  aavaral  aajor  atudiaa, 
inolding  tha  Ifnivaraity  of  California  atudy  coaplatad  in  1W7T    Tha  raaaon 
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r^March  «ad  ^raduttt  •ducatian.i  tha  aiMtica  of  tli«  acftdMie  r  i«arch 
matwpriBm,    ¥n  onif  nMd  to  looH  at  ITSF^n  bud^  ev«r  thm  r««ra  to  aoo 
tUfit  tha  iaksdiato  int«reata  of  tho  r44«drc^  coaauniif  mrm,  undarotandoblr, 
thoir  ovfl  roMATCA  franto,  not  thm  adttcational  sfatoa  that  at  acwa  ti«a  in 
\m  fvtqra  prodttcaa  q<n#  tci  ant  lata  and  aniiflbt^iRod  citlxaoa,    Tha  Coo9raaaf 
IMJrtieulaJrXtr  thxm  Ccaaittiio,  »i«a  in  p«at  fa«ir«  hdd  tDia  foraaJt^bt  to  covntar 
(not  alwafa  aucceaafullr)  thla  ahort-ai^htad  t^ndaocf. 

Coaiidar,  aecoad,  tha  poblie  Cand  tbarafora  tho  Cotti^aaaK    Aftar  Urn 
ad'^cation  pro^raaa  vara  abr-llahad  in  iSdi       an  ;nc:radibla  %rrcr  --an 
aaoraoua  and  appropriata  aatioaol  cwcara  davalop^d  fa-  our  aXaaantarf  and 
aacoudary  aducation  ayataa*    Congraaa  had  tha  wiadoa  to  or4w  rainatataaat 
of  tha  Scianca  and  CngiaaariBi^  CducatiOA  profiTaa  at  IfHT,  tout  thara  vaa  an 
evwralfht.    HSf  graduata  aducatioa  activity  «#aa  not  aUalnatiN!  In  I9tl  aad 
io  ralfiatatin9  tha  SEE  progran,  only  pracolla^a  activltlaa  mtxm  raturaad . 
Iln4ar>    4uata  aetlv^tlaa  wara  ov«rriooKed«  hacauaa  thara  naa  no  «ra«t  public 
outcry  ah  thara  waa  at  tha  pracolla^a  loval.    A^aljii*  oadanrfraduata 
aducatioa  v«ia  aacoiiO  on  avaryhody'a  Hat. 

Tha  rtatiAt  la  that  w«  ha^  a  pipallna  with  a  sapln^  hola  in  tha  alddla. 
HSF  typifiaa  and  aimplifioa  thia  altuotloA  nationally,    r.raduata  aiducatloii 
contlPaM  to  h«  carafully  and!  approprlataly  attandad  to  hy  poMrfal 
intaraata.    Uom  pracoUa^a  aducation  at  MSF  and,  hopofuUy  in  tha  nation* 
la  ha91iiftl&9  to  tun  tha  cmrner*  thanira  in  aiselfloaot  sManra  to  th/a 
Coaalttae,    tut  undar^raduata  adueatlCMi  naada  aari(ft>a«  loiHI-tara  attaatloa 
that  parallala  tha        lead«rahlp  now  la  pra^llaga  adocatlon*     Xt'a  « 
dla^rac*  that  our  boat  hlfph  achool  atudanta  coapara  poorly  mf.th  atadanta 
froa  othor  eouotrlea*    Butt  avao  aora  diaturhixif  to  aa»  im  tha  loaa  <^ 
potantlal  aclanca,  lathoaaticar  and  ansinoarin^  atudMta  la  thalr  fraahaaa 
aad  aophoaora  yaara  in  colla^a*    Pracioua  fan  Aaaricao  cltizoiia  lataod  to 
sajor  IR  aciaaea  la  colxaga,   voraa»  in  thalr  flrat  ti»o  yaara  of  eolla^a* 
vm  loaa  about  40%  of  that  highly  aaXactad  group  vho  loft  hlfh  aehool 
intondiiiff  to  aa^or  in  aclanca. 

7w  yaara  090  tharo  vara  dadTinlta  al9na  that  li5F  waa  §0109  to  aaKa  a  aa:ior 
poaltlva  aova  to  raaaaart  Ita  laadarahip  and  ooooam  for  tha  haaXth  of 
oAdorfraduata  aducatloOf  auch  aa  It  had  in  tha  aiddXo  i960'a»    0adar  tha 
Xaadarohlp  of  lloaar  Maal,  tha  tfatioaaX  Sci^nca  Board  product  tha  g^oor^.^ 
Oadararaduata  Selanea,  Eaqlnaaring,  and  Bathaaatiea  Idi^atlon  that  caXX«d 
for  aa^ov  initlatlvoa  ah  XSf.    Laa%  yaar  va  Xaaitad  liih  hepa  aa  tha 
Blviaiofi  of  Uodorgraduata  Education  waa  oatobllahad  within  SS£.     ^Ad  vm 
varat  at  flrat*  ancpuragod  by  all  tha  rhatorle  annouDClng  VBT'a  pXana  for 
undar^raduatc  aducation*    But  cXomt  anaXyola  haa  turnad  tha  hopa  to 
dlBoppolotaant  and  finally  to  dlaaay. 

Tha  Crofa'Diractorata  Stratagy,    Tha  KcaX  Baport  calXad  for  a  atroaf* 
cantraX  aanagaaant  unit  within  SEC  to  daveXop  and  adalnlatar  a 
^aprohanalva  aat  of  pro9r«ji«»    Initial  Xy«  wa  aow  aueh  a  unit  aatabXlah«d# 
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th«  Dlvl«io»  oi  Cn<!wr«r<i4u«t«  ScImc*,  f  i  -.nefirin^,  and  Hothftp«tlc« 

proaptly  and  daarly  anncnincad.    U  f^natai.  tha  currant  |>ro9raat  in  USEKE 
aaaa  ^e&i  ryii«  although  Uiara  hava  tiaaa  tiaaa  vban  atalC  ia  apraad  too 
thin,  and  thara  ia  tha  chailanga  to  retain  a  ti$ht  intardiacipUnary  «roup 
aa  tha  ataif  9ata  higgar  and  aora  divaraa.    Tha  DiviAidn  ahould  hova  a 
aajer  rolai  in  laplaaanting  tha  HSf  raaponaa  to  tha  I<al  ra^t  in  tha 
future.    Eatahiiahlng  USE8E    vaa  coaalatant  with  a  b^innin^  MSF  reaponaa 
to  tha  eoneama  raia«i  m  tha  Haai  94N^t,  and*  I  baliavaf  9«v«  aany  of  ua 
hOf»a  Uiat  fSr  uaa  <3n  trach. 

But        aoaatHinf  h«a  flona  awy.    Inaxpltcahlf ,  th»    ^  undor^Taduata 
lMld9«t  ia  not  bainf  alvnificantlf  incraaeed  and  tha  Foundation  hia 
aaaounead  that  tha  aa^orlty  of  undarsraduata  atfort  viil  Uha  plac*  in  tha 
raMarch  diractorataa.    Thin  no-caUad  "croaa-diractorata*  atratafy  ia 
lihair  t^i  ba  aaaful  ir  r  aono  raaaarch  aupport       aa  it  ••aa  origintiir 
intandad*    Hovavarr  raaponalblXitr  for  tha  vndariiiraduata  pro^raaa 
diatribtttad  aaon^  tha  raaaarch  diractof it*a  ia  di£#ua«  and  unavan;    In  a^^t 
caaaa  thay  aaaa  n  .t  to  ba  of  htgb  swiorAty,    Tha  raauit  for  tha  tPtai 
tmdarftraduata  %ii  iJt  ia  «  diajointad  array  of  claiaa  f«w  activity 
throughout  tha  HSF,  which  ia  coo£uain9«  awfm  •yatariouaf  to  tha  national 
aeadaaie  c^aunity.    Hot  aurpriain%ly,  tha  aajor  thruat  ia  tba  diatribut«d 
•ctlvltiaa  ia  thai  aupport  of  raaaarch,  not  tha  aducatlonal  laprovaaant  or 
Anatructio&al  davalopaent  caliad  for  by  virtually  all  raporta  on 
undar9raduata  aducatlcn* 

4  Sypflo,  Central  rc>rt:a  for  Qndaroraduata  l>rQ<»r^Ba»-    iSF  neada  a  atrong, 
c«nual  unit  for  undargmduata  aducatioo  that  la  claariy  vlaibla  anf»  that 
haa  adaqn^eta  ranourcea  for  tha  }ob.    S'^E'a  Civialon  of  dndarvroduata 
5elane«t  Enfinaaring,  and  Hathaaatlca  Education  ia  tha  obvioua  candidata 
for  thia  laadarahip  role.    Tha  c<mc»pt  of  diatribvtad  aanagaaant  ia  a 
failura-    Tha  raMarch  dlractorataa'  prlaary  mtaraat  la  and  alwaya  viU  U 
tt  a  aupport  of  raaaarch.    Thay  ara  9ood  at  that  and  ahould  cootiaua  to  do 
It  and  ba  ?lvan  incraaend  raaourcaa  for  that  purpoaa.    Thny  will  not  and 
ara  not  giving  undnrgraduata  aducation  top  priority  and  tha  ettantion  it 
naada.    Thalr  dlatmction  vlth  undorgradwata  aducotlon  aay  avan  ba 
d«tria«ntal  to  thaijr  wmmm^rch  alnaion. 

What  c^iA  tha  aingXa  Diy;aion  do  b«tt«r? 

o    Tha  alngla  Division  provldea  a  focuaaad,  roaponaiva  point  of  contact  for 
undorgraduAta  aetlvltiaa  at  tha  Foundation,    Undar$f odunta  activltina 
can  ba  fo:.uaaad  only  xi  thay  ara  tha  f lr«t  priority  for  thoaa  who  do 
than.    Tha  DUlalon  cen  ba  raaponalva  oniy  if  Ma  prograaa  and  budgat 
authority  to  do  thir9«.    Tt  can  nttmct  grod  ataff  only  if  thay  Know 
thay  will  hava  authority,  raaponalbiUty,  «nd  raaourcaa  to  «cco»pilah 
aoanthlng. 

^    Tha  alngia  ^  ^viaion  provide*  on  wf/ectiva,  unlfl«d.  credJblai  nnd 

attantiva  voica  about  undar^roduoza  •ctlviti«a  to  other  porta  of  «nd 
cthar  fadartl  ^gehclaa,  thm  atataa,  ond  coIia$«»  -^n^  univaraltian,  It 
la  unlflad  bacausa  n  axn^ia  qroup  vhlch  uork*  clo««ly  tngathar  can  nora 
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Msllr  4«ml^  Minified  und  coftaietwit  policy  and  firaeticv.    Vat,  ulU* 
««3ov  diccir^Uec  r«pr«M«t«d  in  thm  0ivi«i<m,  it  c«a  also  t«M  iata 
account  daairabio  dtaciriinarf  vnr.aticma.    It  ia  erodibia  end  atf«ntiir« 
iMtCaua*  uBdar^ra^uata  aetiiritiea  mrm  ita  iirf't  pripritf  •    It  e«fl  t.ravid« 
a  bftttor  at«ff  who  c<«  aora  faaiiiar  «fith  undarffraduata  iftatitutior-i  ^ad 
witli  uRdMT^raduata  octivi*i«a  in  univaraitiaa.    ffasearcft  ataff  ara  of  tan 
ifoafvlif  ignorant  of  what  foaa  oa  at  tli«  unda^rfradttota  l«v«l.  Tha 
URdar^radUftta  Oiviaion  vill  hava  sor«  a«p«riMC«d  ataif  tacaua«  thmr 
work  on  theaa  actlvltiaa  full  tiaa. 

«   T)i«  sisgla  Di«ialoA  providaa  thm  ability  «aailf  to  bandla  broadly 
diaeit^iinary  propoasla  Ca.g..  chuaiatry  at  tho  introdyctory  iaval 
aponaiftf  pbyaicalt  organic*  analytical »  and  taeiroaoX^cttlor  cKawiatry) 
«nd  Ut«rdiaciplinery  proposala*    ^rticalarly  at  tha  IntrodttCtory 
icv«l«  olaOAt  all  ^rk  ia  broadly  diaciplinaryt  aod  aoa«  of  tbo  aoat 
intaraating  ian  tm  int«rd|acipUaory,  oap^c^ally  for  atiidonta  acyt 
iataisdiBg  a  ^aroor  in  tfta  acianc«)a«    Thaa«  ara  areaa  tikat  pr«a#iit  groat 
difficulty  for  tha  raaaarch  divl  ^iona,  irho*a  focMa  ia  appropriataly 
narrov.    An  intardiaciplinary  group  which  vorka  togatbar  and  kiiova  ifhoii 
to  talk  vitb  in  tho  raaoarcb  diviaiona*  nhm  nsoaaoary^  ia  ouch  oor* 
appropriota. 

I  k^n  orgaad  tUat  it  ia  uifficvlt  for  tha  HSF  roaearch  dirftctorotaa  to  bo 
•ffactiva  in  aanaging  prograaa  deaigned  to  balp  ra«olvo  tba  probloaa  of 
undargradttota  aditcatiois  in  aciaoca*  aatbaaatica*  and  ongiaaoriag. 
SiaUorly,  it  wouid  bo  e  aorioua  aiatako  If  tha  llSf  offorta  to  balp  raaoly* 
tboAi  probloaa  vara  vootad  in  en  organiiational  usit  tbot  bod  no  ongoing 
rolatioaahip  and  input  froa  Uio  aciontifie  coaaunity  witb  an  octiTo 
iotoraat  In  rasoarch.    ftacruitiog  ««aoara  o«  tbia  ccaauntty  oa  rotating 
•taff  in  will  help  a^oid  thia  arror*    rurtbor»  thor«  abould  atrosg 

intar action  betvooii  USEHE  and  the  r«i&earch  diroctorotaa^  along  tho 
follot#ing  Xinmmt 

^   Ovoraigbt  for  VSF  prograa^i  in  undargraduata  oducatioa  abould  bo  tha 
raaponasbility  of  USEKE  and  iactudo  tbo  authority  apprc^iat«  to  a««t 
tboao  raaponaibilitiaa.    USEKE  ahould  bava  raapcmaibility  for  aaoagiag 
undorgroduoto  oducation  prograM  that  do  not  bairo  a  diacipliso-oriootad 
raaoorcb  tbruat.    i^a  roaaarcb  directorates  aboul4  bava  def inad 
robponaibillty  onct  outbority  in  the  nrota  of  ai^arrgraduata  oducotiont 
aoKo  of  tblo  ia  daacribad  in  tha  pointa  that  follow* 

9   Tbo  rotoarcb  dlractoratoa  abould  bava  tbo  rMponoibility  for  prograaa 
that  ara  diaciplino-oriontad  raaaarcb  or  •  to  an  intogrel  part  of  aueb 
raaoarcb  prograta.    Tbasa  includa  prograaa  aueb  aa  uo^argroduata 
roaaareb  ((^Eir>«  raaaarcb  in  pradoainantly  undargraduata  ioatituti^na 
(HUI)f  and  rasearcb  opportunitiaa  for  faculty  taacbing  undorgroduatoa 

o   l^bara  raaaarcb  prograaa  mcluda  a  coaponant  for  undargraduata  oducation, 
tha  prograa  abould  ba  »«n&9ad  and  funded  through  tba  raaaarcb 
dlraotorata* 
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erf  thm  ttnd«madttat(i  •ducmtion  ftfCar'^a  througn  an  «<<vi«ory  cQ««iti«t  of 
KSr  »ro«ra«  officer*  fro»  tppropriat*  dlri»ctorat«a  for  «i«ch  di$c4pUn«ry 
Qr«a«  participation  in  tha  aaiactlon  of  raviarvara  for  propgaaia  rac«W«d 
bf  HSf  for  undarsraduata  •ducation,  and  participation  in  th«  raviai*  and 
•valuation  of  JiSF  prograna  in  und^r^raduata  aducatioii. 

«   U5EHE  ataff  abould  pairticipata  m  tha  avaiwatio»i  of  unddrgradua'ic 
pro^raaa  afinagwd  by  a  r^tecarch  diractoratar  a«9*«    tha  USEK£  ataff 
ahould  particip<»ta  m  th*  avaiuation  *»f  t^a  undt^r^ raduata  aducatien 
ccaponant  of  r«ft«sarch  pro-rata. 

Tliaaa  auggaatlona  dafma  far  U5EKE  a  clear  liftaderahip  reia,  tha  pnaary 
raaixinatbiiity,  and  tha  authoritr  iot  HSF  j^ro^raaa  ifl  undwrgraduata 
•ducatioB,  witiJ  a  aecondairf,  but  vitei,  raaponaibiiitr  vaat#d  in  thm 
raaaarch  dlractorataa.    Wharavar  USERE  aanafaa  a  pr^^tt^f  thm  apfiri^priat* 
raanareh  diractoratata)  would  hava  an  •dviaor^  aod  •♦aluativa  roia. 
CoAvaraaiy.  *#haravf*r  a  raeaarch  diractorat*  AanafiOa  a  pro^raa*  USEHE  vould 
hav«  an  adviaory  and  cvalustiv*  roia.    la  addition,  USC8E  would  hava  th« 
raaponaibility  for  ovaraight  and  coordinatia#i  of  t.i©  totai  USf  affort  in 
tha  undar^raduata  education  «ri»a. 

Undiirfi|j|dMat.a_Prr>aroii»v    "^^a  N«ii  report  carafuiiy  conaidarad  a  balaac«d 
ait  of  progriaa-    That  net  la  oniy  partially  iapiaaantad*  in  addition, 

thm  coanitaant  to  doubio  tha  II5F  budgat  haa  ch*  ngad  conaAderabir  th* 
aaauaptiona  of  no  growth  axpllclt  in  the?  S*iai  report.    Thu»#  conditiona 
hav«  ehengad  aoacwhat,  ao  that  additional  *ff orta  ahould  hm  poaaibla. 

Th»  miat  iaportaiJt  prugraaaatic  raaponnn  to  tha  Koal  raport  ia  to  continua 
and  aatabiiah  prograaa  which  ant  up  a  ravard  atryctura  for  f acuity  who  do 
thm  "oat  creative  work  in  furtharing  undergradwata  activitiaa  in  tha 
aciancca*    Tha  aia  ahouid  bw  to  attract  good  paopia  who  work  in  craativa 
and  productivo  uaya*  ov«r  tha  lon^  tera*  and  in  »*aya  which  wU2  not  aep 
thair  craativity  or  their  acientific  cyrrwncy. 

In  looking  at  tha  arruy  of  actlvitlaa  conaidarad  aoat  iaportant  in  tha  Moal 
raiK>rt,  I  aa  atrack  by  tha  unbalanced  raaponiia  and  tha  bolaa  which  atiU 
a)ci»t*    ^a  inftrgwentatioq  prograa  ia  fundad  but  ahouid  ba  hroadatiad  to 
ito«t  a  Icaa  Uaitad  aat  of  naada,  partleuiariy  at  %hm  introductory  iavaX. 
Xt  ahouid  ba  couplad  with  an  aggraaaiwa  ^aborat45r¥  davalopaoat  prograa 
which  haa  b««n  naglactad.    CurriculMa  _dav^lom>jffit  ia  now  narrowly  focuaned 
in  calculua  and  angtnaarmg;  it  ahoiid  bm  broadaned  to  inciuda  ali  aapacta 
in  all  aciancaa,  oparatad  by  an  intardiacipliaary  grou*  of  paopla  with 
•trong  dl^trlpUnery  Adantlf Acatlon,  and  targeted  to  the  aoat  preaalng 
problaaa  aa  thay  ariaa  frop  tha  con«jiiity.    Th«  prograa  auat  ha  atrartur«d 
ao  that  it  mvoi vaa  proainent  aeiantiata  without  lapoamg  an  wnattractlva 
adainiatrati^a  hurdaii  on  thaa.    Thaaa  thrc*w  prograaa  «r«  intarralat«d,  and 
it  ia  hara  that  tha  aatabi lahaant  of  a  reward  atructura  la  noat  ilkaiy, 

h  prograa  in  f9^(;vl%y,  ^  anf^an^aaynt  nm^m  to  provide  aora  non- 

raaaarch  opportunit4.«a  for  iaculty.    Tha  vaat  najority  of  acianca  faculty 
m  tha  Ifnitad  Stat^a  do  nut  have  reorafch  oa  th«ir  priaary  function,,  and 
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•o«i  of  t)lM  do  net  do  much  r«Mtrch.    NSr^a  r««pofi«ii  to  fscuitr 
■n&MiccffVtit  hMm  bmmn  iQni«ly  Urou^li  •nccKirA^iiifi  r«««Kircfi,    Thift  la  iinm 
for  ttWB^  ioT  vhoii  it  ia  tps^opriiitM,  but  {iro^rcaa  nuat  alvo  ••rva  facullf 
vho  t««cti  iio«t       tha  undar^radiuataa,    kn  mup^nmion  And  Ajitanaioa  oi  th% 
current  Aarrowly-focusMS  and  aniiaican^-fuiidMd  faculty  Gnhonc^^tnt  progrsi 
ia  iiMd«0« 

K£Q  aita  ^raota  for  undTaraduaf  rfa warch  ara  roughl^r  ad^quata  and  in  thm 
apirit  of  t^a  ttoaZ  raport*    Tha  .dofitif icalioo  of  auppl«»aAt«  to  atantfdrd 
raaoarch  iir«ftta  •«  a  »aparat«  activity  and  coviot«d  as  an  undorsraduata 
pr09rai  i«  qtieatlomabJla.    7n«y  aro  port  of  ra^ular  raaaarcl^  aapport  aad 
fiava  aiwafa  b«mi}  ao*    In  any  caa««  th«f  ara  not  part  of  tha  ffoai  raport 
pro^raa  ausgaetiena. 

Pro^raaa  for  jwijljorrtlj^  are  f uadad  aoaewt^cit  tha  I«v«X  rftcoaaaod^d  in 

tha  Naal  rvportt  but  it  ia  clmar  that  that  #v«a  thl#  lavai  la  ii!iad#quQt«« 
Prci9r«a«»  and  tha  a«val  ni  aupport,  ne^d  to  ba  rvti^ought. 

Thor«  «tili  ninarda  to  ba  a  conaiatent  plan  for  long-^ranfa  ir^^neitian  and 
data  coU«ction«  and  aoa^one  who  «iU  d«vot«  «  auhatantial  aa(Hmt  of  tia« 
to  ita  daaiffh  and  oparation.    I  kno«#  of  nothin«  vhieli  haa  tieaa  dona  hart 
axe«pt  «o«a  vatfua  diacuaaiona^  althoucrh  tha  ne«d  id«ntifiad  in  tHa  raport 
It  }u»t  at  ae'/art  now  aa  irhan  tha  rft(»rt  traa  writttfl. 

MSF  Ltdarthlp  in  Pndyrqjfadttata  Education,    Tha  pr«cndinf  paragrapha  htiro 
focuaad  on  hon  tht  US£llE  offica  and  tht  rtt««rch-orieiitad  dlrtctorttta 
ahOiild  Inttract  with  ona  anothar  on  undtr^raduatt  adocatiot  pro9raaa^  Of 
avtfl  9ra«t«r  laportenca  la  tha  laanar  in  which  tha  IISF  mHorf  to  inprovt 
undtraradvtta  aducatioo  ara  r«praa«ntad  to  tha  univtraitiaa*  coiXt9tt« 
ataoolationa,  foundationa  and  othttr  froupa  to  whoa  undargraduett  oducttion 
in  aoiaacrw,  anvinaaringt  and  aathetatlea  ia  a  titniflcant  cenc«rn.  Tha 
conctrna  about  undar^raduata  odvcaiion  acrota  tha  nation  indicota  clatriy 
that,  on  »onr  conpuattK,  tha  undar^raduata  antarpriat  noodt  auch  tort 
atttntion  and  nupport  than  it  ia  nov  rocaivin«« 

9oa«  vny  tuet  b«  found  to  aaaura  that  uodorgraduata  prograwa  taachin9 
and  adviaing  undar«r«duat«  atudantt*  davtlopinf  and  ravitinf  couraaap 
Xahoratorr  a«ptriaantt«  and  eurrieuia*  and  prat^ntins  tha  txcitattnt  of 
la«rniA9  and  di«eov#ry  to  undergraduate  atudonta       rocaivt  both  tiao  and 
attantiOQ  froi  tha  faculty*    Exparitnct  indicatat  thia  viXl  not  hoppon  on 
CMsnittft  t^ith  viforottt  profirapt  of  fradotta  ttvdy  and  raaoeroh  unlttt  tht 
faculty  ttnotrttand  that  coiiat^vta  at  aa  dtptrtttatti  and 

inatittftional  adtinittrati^a  aypact  thit  to  ooeur^    To  eor^vay  thaaa 
•xpactttiona  and  to  aaturo  that  tht  ynderitandin^  dott  not  diainith  ^Ith 
tint  roquirti  that  noaaone.  at  aach  of  tht  variout  Uvtlt  of 
adainiatratiot:^  ccmtider  tha  undar^jradu a ta  pro^reta  to  bt  of  firtt 
itportanca. 

Tha  ovoil«hiUx  of  fund*  to  support  crtativa  in  undargraduott  acitnct» 

onffintorins,  and  tathatatica  aducation  it  e  povarfui  incootivt  to  ocadcaic 
adtinitt<at.or«.    Tha  ttSF  leadtrahip  rola  ia  <r)ftrttd  through  tha  prograta  it 
dovtlopt  and  tht  proaocit  tupportad  by  than.    To  aoka  itt  itadtrahip 
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cr«dibl«*  it  Is  cruci«i  that  thm  unit  rufiponalbl*  for  tio4«rgr«duct« 
•tfuc«tl<m  |tfo9r«ai  «t  KSF  (QSChC)  i>«  kMA  to  untf^r^radu^t*  «diK:atio& 

in  M:i«nc«*  m^/ntorln?*  «ih1  *atli««tiica  «a  ita  4o«l«ont  r«a|Kiiiatbllttr  aad 
conccirA.    Ttii*  i»  setsdnd  if  tlloaa  iti  ths  coIl«siia  mnd  vnlvMraitiaa  ar«  to 
und«rat>^ftd  that  ttnct«r9rtduat«  •ducatlon  at  iiSF  doa  •  priority  coaparabU  to 
tMt  accorded  roeaarcb  at  VSr.    Xt  ia  olao  o»r.a«aary  that  UStHS  h«y«  tbo 
prioATf  r««|  uaibiUty  for  prtinentattoA  of  thm  und^rfreduato  adycatloo 
firofrcaa  to  thia  coaaunxty,  if  a  ciMr  ai9nAl  tbat  und^r^raduata  aducatioa 
ia  iaportant  to  tha  Itrr  ia  to  bm  9tMa. 

Tb«  dcptli  and  lootltvity  of  th»  prcl>iaa«  axperionc^d  by  uiidar9rodu«t« 
•dttcaticm  in  fonoral  and  in  tho  tocMicai  diaeiplinoa  in  partieuiar  arsud 
fttroJifiy  «gaia»t  tha  vi«^  that  ono^tiaai-oaly  aflorto  ar«  rft^uirod.  KaUisr, 
it  ift  fiocaaMry  that  chaugaa  ba  aada  in  ths  i«ay  uodergradutto  aducatioa  ia 
«ia«i#d  by  Cacvity  ftitd  thaix  inatitutiooa  and  by  tboaa  aiitai4#  vbo  provide 
tbt  roourcea  and  effact  tha  atatua      undar^raducta  oducati<«).    Va  auat 
rwgnixs  that  nms  kiada  Qi  l9^%^tmr»  coaaitaaota  to  andftrfradtiata 
•ducstioft  art  niiiMiad.    Pfiat  actiona  of  thla  Subcoaaittaa  contfinco  Ba  that 
yon  too  r«co90iz«  thia  Hind  of  &f«d  ood  are  »Uii»9  to  furovid*  tba 
rsaourcM  to  aaot  it. 

Thank  you  for  thii  opportunity  to  brin?  thaaa  concairna  to  your  attaation. 
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CurriCtilua  Vita« 
«afii  Pfc.O.  ^Harvard  Uft4.v«r8lty,  i95e  and  1962)  in  Ch«»»iijtry. 

Si»a<Ni«  CoXJ.aa«,  fiomtea,         AMWiat«  Prcrciaaor  flfS7-72>  «ad  l>rftf«»«or 
of  ChoaloUf  «X972-nre«entJ .    cbalraaQ  of  th*  Ompnttm^nt,  19^9-73. 

Ciilfomo  3uto  CoXlogi,  Bftk«ra€iold.  viMting  ProfosMr  ond  Ccmsuatont 
id  cliMicf*  odueaticm  rX974}. 

/t-af^r^L^"^*^^'**^  ''^^  ^^^^^'^  Cli««iotrr  Teochor*.  AcodooAc  Olroctor 

aw,  and  I9a7>  for  thl»  prt^m  at  Prmc^toa,  irj,  £»a<sod  bf  tMm 

C9MilU  and  ffftory  Drfium  foundation  «Bd  tiio  iSF. 

Xitioaol  flcum:o  Foundation,  Science  «nd  Entfln^srln^  Educ«tioft 
eifMtorato.  0iracior  a984-a6).  Di»l«i<m  of  Tiwcbor  l^roporatAoo  and 
Oihonceaont  mn4,  for  th«»  X«st  9  months.  Acting  R««d,  Offico  of  Studio*  ond 
^rogrfto  Atioooaaat, 

IfiBtituto  for  Oitaicoi  Edwcatioa,  Pro^ra*  Oevoiopnont  Tollo**  <X9a3-d4) 
!f4K  ^r^/f^^'"  prooont).    Rooponelblo  for  owoil  progroao  «nd  poiicioa 
nf  thm  XAStititt««  for  fund  roiaii}9.  and  for  reporting  on  thm  Inotitoto'a 

g.O|>9r>feip»  oBd  Proimti^i^nni  Sg^y^cy 

ABOrieas  Ch«»icti  Society  dSfiS-^prt-Mnt) .    Council  aoober  <i975-«3)j 
council  C«i»ittoa  on  t^oti^t*  «jid  Ejipoeltiono  U97^-dO>3    Soeioty  Coaaitt^o 

MofS**S5!  ^"^  ^^"^^  ^  Chooical  Edu«at 

ii^2^««i;    Petro;«uii  Pooo«rch  Fund  Adviaory  CosKittM  (19aa*MI« 

fi97t^d?^?i!!^  «duc3tion  tm5'proo«it>,    Progrt*  Cwimitt.. 

^i!!ir:^  S^^*^*  Socrotary/Councuor  a97«.i3:  »  officio  .e^bcr  of 

Si8fiitliU^»l  looN  ,f  PuhUcotlcn  U^iutmd.  md^tSf^fcSiSf^ 
SSuIiS'S^afniStr^         "^'^  <i9a3.pro««,t;    O.^ir,  19t6^^o.«t,; 

^l«eUo»  CoMitto«,  Jo»oa  rXeck  Korris  Sutaor  i^oaoarch  Scholarohlp.  <|97d^ 

^^fi  i'^fSi:  .^^•^v^'*''  Copalttoo  Jono.  ruck  Horna  Airard  xn  cneaicol 
fiOKCOtioR  cl9Sl->a«|    Chairaan,  I9d3>. 

Eaffland  Ai»oeiotioo  of  Chenialry  Toachara  <l%7"proaont) . 
itational  Scianco  T^«/-h^ra  ^aaociatl'sn  {I'i?^  pr«»#»,t> . 
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IftAiUtactar&Bf  Cb«iil«t«  AaftocJ>«tion  Cvtaiyat  Award  to  lionor  outAtan4in9 
teadiara  of  ch«iUtr?  (1977), 

Viaitin?  ScUntlst  Ai^rd,  ICS  lf««t«rn  Con««ctlc«t  Section,  to  honcir 
•i)(c«ill«nc«  in  CfMiCtti  uducQtlon  a979K 

rtcognition  ef  ^ifttlnsuUhod  contrlbvitlcms  to  Ch«Kicoi  C^uevtien 

PwLtm  for  Ififtt  Infttructlonni  Cciputftr  Pra^ra^,  7lb  Bi«nRl»l  Co  trtnc*  on 
Ch«B;4c»l  E<J\ic«tion  ciCa2), 
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Mr.  Walghkn.  Thank  you,  Dr.  Bell.  I  appreciate  the  directness  of 
that  testimony,  and  it  is  certainly  right  on  the  points  that  we  have 
to  respond  to. 

Ms.  liardeen. 

STATEMENT  OF  MARJORIE  G.  BARIIEEN.  PROGRAM  IWREtTFOR, 
FRIENDS  OF  FERMII^B.  FERMJ  NATIONAL  ACCELERATOR  LAB- 
ORATORY,  RATA  VIA,  IL 

Ms.  Bardekn.  Mr.  Chairman,  I  was  asked  to  come  today  to  share 
our  experiences  at  Fermilab  with  teacher  institutes. 

Before  1  begin,  the  teachers  that  I  represent  asked  that  I  give 
you  this  so  that  you  can  see  that  we  are  talking  about  real  people. 

Mr.  Waicren.  Somebody  will  bring  that  up  here. 

Mrs.  Shad.  See,  I  used  to  be  a  teacher,  too. 

Quarks  and  leptons.  the  Big  Bang,  the  SSC.  These  topics  are  an 
exciting  frontier  m  modem  science,  one  that  holds  the  potential  of 
captunng  the  interest  of  young  students.  Yet  few  of  them  have  any 
exposure  to  today's  science  before  dropping  out  of  the  pipeline. 

How  can  our  schools  provide  an  experience  of  science  that,  one, 
demonstrates  the  excitement  of  science;  two,  broadens  and  enriches 
attitudes;  and,  three,  develops  an  appreciation  for  science;.' 

Oiildren  need  to  spend  less  time  memorizing  seemingly  unrelat- 
ed facte,  formulas,  and  rules  and  more  time  investigating  the  world 
around  them.  They  need  teachers  who  are  enthusiastic  about  and 
deeply  involved  in  the  teaching  they  do. 

Sustained  efforts  are  required  to  give  teachers  both  a  more  solid 
bacl^ound  m  their  subject  and  better  teaching  tools. 
J^^'^'^^^x  ^^^^^^  institutes  are  an  essential  element  of  this 
eftort.  They  work,  and  in  four  minutes  I  am  supposed  to  tell  vou 
how. 

Inrtitutes  work  at  Fermilab  because  it  is  not  business  as  usual 
Teachers  come  to  a  world  class  ^search  laboratory  for  a  unique  op- 
portunity to  witness  science  being  conducted  at  the  frontier  of 
human  understanding.  Teachers  spend  four  weeks  learning  with 

J  ^iWo^^S?^?  scientists  like  Leon  Lederman,  Fermilab  Director 
and  1988  Nobel  Laureate  in  Physics.  Equally  important,  teachers 
learn  how  to  share  this  knowledge    =th  their  students. 

I  w'ould  like  to  share  with  you  one  of  ray  favorite  quott^  from 
one  of  our  participants. 

"Do  you  recall  the  Toyota  commercial"— sorry  it  is  an  import 
caf.'but  maybe  the  ad  is  made  in  America.  [Laughter.] 
./^u  « J**"  Toyota  commercial  where  the  people  yelled 

£  '.^f  «  Feeling!  •  •  as  they  jumped  three  feet  into  the  air? 
That  fairly  well  describes  my  feelings  about  my  experience  of  the 
past  month  at  the  summer  institute  for  science  teachers  Fermilab 
I  am  actually  anticipating  my  return  to  school  this  fall  where  I  can 
try  out  some  of  my  newly  acquired  knowledge  on  my  unsuspectihg 
students.  r  b 

There  are  some  other  quotes  in  the  yellow  page  of  my  testimony 
from  other  teachers. 

I  believe  the  NSF  teacher  institutes  have  an  impact  far  beyond 
the  programs  themselves.  They  are  catalysts  that  leverage  local 
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effort  and  support.  The  multiplier  effect  is  demonstrated  by  con- 
tinuing activities  that  develop  directly  from  Fermilab  institutes. 

Our  graduates,  armed  with  new  teaching  strategies  and  class- 
room materials,  have  organized  three  local  sharing  networks  for 
over  500  teachers,  who  meet  monthly  during  the  school  year.  Our 
graduates  have  invigorated  professional  organizations  with  new 
leadership  and  with  exciting  hands-on  presentations  at  local,  state, 
and  national  meetings. 

They  have  organized  a  countywide  annual  program  for  junior 
high  and  high  school  science  teachers.  They  have  developed  train- 
ing programs  for  their  colleagues  in  the  elementary  and  junior 
high  school  level  ai^d  we  expect  some  5,000  teachers  this  year  will 
benefit  from  these  presentations.  They  are  in  the  process  of  orga- 
nizing a  regional  training  program  in  physics. 

Teacher  institutes  cannot  be  conducted  without  federal  support. 
Through  Friends  of  Fermilab,  a  not-for-profii  corporation,  the  pre- 
college  educations  at  Fermilab  receive  funds  from  private  founda- 
tions and  individuals,  and  school  districts  do  support  their  partici- 
pants. However,  it  has  been  our  experience  that  the  amount  of 
money  needed  for  a  significant  program  like  a  teacher  institute 
cannot  be  raised  locally  on  a  sustained  basis- 

All  seven  institutes  at  Fermilab  were  funded  in  large  part  by  the 
Office  of  Energy  Research  at  the  Department  of  Energy  and/or 
NSF,  and  on  the  blue  sheet  in  my  testimony  you  can  see  the  per- 
centage of  funds  that  we  have  been  able  to  get  from  private  and 
federal  sources. 

Today  most  of  the  best  precoUege  science  teachers  received  ad- 
vanced training  in  NSF  proje..t  science  summer  courses  of  the  '60s, 
but  now  it  is  time  to  train  a  new  generation  of  teachers. 

Congress  can  help  schools  by  providing  pn^rams  that  attract 
people  to  teaching  and  retain  them  once  attracted.  Six  specific  pro- 
gram suggestions  are  included  on  page  4  and  5  of  my  written  testi- 
mony. 

In  addition  to  increased  support  for  NSF  teacher  programs,  legis- 
lation could  consider  increasing  funds  for  precollege  science  and 
math  education  in  federal  agencies  such  as  the  Department  of 
Energy  funding  regional  centers  to  work  with  school  systems  at 
out-of-school  facilities,  like  national  laboratories  and  museums,  and 
promoting  cooperation  between  NSF  and  other  federal  agencies  in- 
volved in  precollege  science  and  math  education. 

We  cannot  exp^  the  »c:hools  to  raise  the  science  literacy  of  the 
nation  all  alone.  Many  outside  partners  can  and  must  contribute- 
Wc  can  double  and  triple  our  efibrts  by  creating  innovative  part- 
nerships between  the  education  community  and  national  laborato- 
ries, museums,  and  businesses  between  formal  and  informal  science 
programs.  With  your  continued  supiK)rt,  schools  and  teachers  can 
provide  exciting  science  experience. 

I  would  like  to  thank  you  for  this  opportunity  to  share  our  expe- 
riences at  Fermilab  and  for  your  past  support,  and  I  am  happy  to 
invite  you  to  come  to  Fermilab  so  you  can  see  what  the  excitement 
is  all  about. 

(The  complete  prepared  statement  of  Ms.  Bardeen  follows:] 
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QuarKs,  photons,  gluons  and  Ws.  the  Big  Bang,  the  SSC.  These  high  energy 
physics  topics  are  an  exciting  frontier  in  nvyl^>m  sdence,  one  that  holds  the  ^MStentiai 
of  capturing  the  interest  of  young  students  and  creating  young  scientists.  Yet.  few  of 
our  students  have  any  exposure  to  today's  science  before  they  have  drc^ped  out  of 
the  pipeline.  Can  we  present  exciting  science  classes  that  demonstfate  sound 
scientific  process  and  present  content  in  line  with  current  scieniiftc  knowledge? 

Teachers  wtio  are  uncomfortable  or  unfamiliar  with  science  teactt  by  the  book, 
and  their  students  memorize  seemingly  unrelated  facts,  mies  and  formulas  Children 
need  to  spend  less  time  memortzing  and  more  time  investigatirrg  the  world  around 
them.  They  need  teachers  who  are  enthusiastic  arnf  excUed  about  and  deeply 
involved  in  the  teaching  they  c&),  Sustauned  efforts  are  required  to  give  teachers  both 
a  more  solkj  backgrwfwJ  in  their  sul>^  and  better  teaching  tools. 

NSF  sponsored  teacher  Institutes  are  an  essential  element  of  this  effort;  they 
worki  Institutes  work  m  FermHab  because  it  is  fail  business  fi®  usual.  Teachem  come 
to  a  work)  das«  high  energy  physics  research  laboniory  for  a  unrque  opportuntty  to 
witness  science  conducted  at  the  fron^er  of  hunnan  undmtanding.  Teachers  gain 
invaluatrie  expcNience  leamir^  for  four  weeks  from  leading  research  scmntists  like 
Leon  Ledennan.  Fe^milab  Director  and  198a  Nobel  Laureate  in  Physics  Equahy 
important,  teachers  learn  from  their  peers  how  to  share  this  knowledge  with  their 
students. 


Friends  of  Fermilab,  a  not-for-profit  corporation  that  develops  and  conducts 
precollege  education  programs  at  Fermilab.  has  received  three  NSF  grants  in  support 
of  two  te«:her  mslltute  programs,  the  Summer  institute  for  Science  and  ft^athematics 
Teachers  and  Topics  in  (IkKtom  Physics. 

The  Summer  Institute  for  Science  and  Mathematics  Teachers  ^Instrtute^  The 
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overall  goal  of  the  Institute  is  to  encourago  talented  young  people  to  pursue  careers  m 
science  by  improving  instruction  in  the  higft  sctioof  classroom.  Specific  goals  include 
eniiancing  teactiers'  tJadigroumJs  dasic  subject  matter,  targeting  successful  and 
lively  teaching  strategies  and  e>tposing  teachers  to  current  developments  in  research. 

Over  stx  years  this  intensive  four-week  summer  program  has  given  300  high 
school  biology,  chemistry,  physios  and  mathematics  teachers  an  opportunity  to 
enhance  their  professional  competence.  Morning  lecture  programs  with  Fe:mt?ah 
scientists  and  university  professors  strengthen  the  teachers'  backgrounds  in  basic 
subje  :t  matter  and  exposes  partiopanis  to  exciting  new  ways  o!  approaching  topics 
already  taught.  In  plenary  sessions  eminent  scientists  present  special  topiC^  on 
current  scientific  research  and  societal  problems  related  to  soenca.  The  afternoon 
laboratory  program  supeni'ised  by  master  high  school  teachers  ^s  devoted  to  current 
methods  of  computer  application  in  data  collection  and  analysis  and  to  successful 
teaching  techniques  for  laboratory  and  problem  solving  Sharing  successful 
experiments  and  d  monstrations  by  the  participants  is  a  koy  part  of  the  laboratory 
program.  Teachers  continue  their  association  with  Fermtlab  and  stay  on  track  jy 
attentiNng  quarterly  follow-up  sessions  during  the  school  year. 

Topics  in  f^nriam  Phystes  (TMPl:  The  overati  goal  Of  Tf^P  is  to  upoate  h»gh 
school  physics  courses  by  mtroduang  current  topics  such  as  the  three  "supers"  -  the 
Superconducting  Super  ColUder.  supsrnovae  and  superconducttvily  -  into  the 
curriculum.  The  program  enhances  the  professtonal  competence  of  secondary 
physk:s  teachers  by  demonstrating  successful  teaching  techniques  for  discussion, 
laboratory  and  problem  solving,  and  by  strengthening  teachers'  background  in 
modem  physics  topics.  Prior  to  the  institute,  the  Topics  in  Modern  Physics  Teachers 
Resource  Book  (TMP  Resource  Book)  was  prepared  by  stx  high  school  teacJiers  ami 
Fermilab  physicists.  This  activity  brought  together  instn^ional  materials  from  three 
major  Fermilab  progranrts  in  a  format  readily  usable  by  the  classroom  tether. 

This  three-week  institute  for  master  phys^xs  teachers  was  conducted  m  the 
summer  ot  1988.  Twenty  teachers  were  trained  as  intjervice  leaders  m  modern 
physjcs  topics,  lni,truction  took  three  forms:  background  lectuios  given  by  f  crmdab 
physiosts^  presentations  and  activities  from  the  IMP  Resource  Book  led  by  tiigh 
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schoot  teachers;  and  instriKition  in  the  praparadiion  and  executiofi  of  teacher  training 
progmns.  OurifHl  tf)e  1983^  schooi  fsar  the  participants  are  expocted  to  concbict 
two  programs  for  ttieir  ccritaagim.  Tha  twenty-six  taachens  involved  in  tha  program 
ara  working  tof^har  to  ctevafop  a  po!^*>worKsliop  ptan  for  a  contiruiir^  ragionai 
training  pnqram  for  teadiars,  Tho  manstay  of  fc^kiWHip  suf^rt  comas  from 

throe  astal^ishad  teacher  networks  that  hoid  monthty  meeting  durlf^  the  sd)o<M  ^ar. 
En  addition,  quarterly  foHow-up  meetings  are  b^ng  held  during  the  1988-89  scfioctf 
year. 

When  we  began,  it  was  not  at  atl  clear  that  a  research  iatwralory  was  an 
appropriate  setting  for  me^or  teadier  institi^es.  Teachers  have  gn/en  us  the  answer, 
*Yesr  Af^^endix  A  irK:iudes  sample  teacher  oomn^nts.  our  most  in^)ortant  ctscov^ 
is  thas  a  Department  of  Energy  na^ona)  lidDoratory  like  Fermtiab  <»n  make  a  signffnam 
contritxition  to  the  enharK»nient  of  science  and  mathematics  e<&Kation.  Second,  our 
experience  has  shown  that  although  our  latmratory  is  a  single  purpose  institution* 
teachers  fmm  all  c^scipJtnes  can  en^oy  and  bene^  from  sdence  and  mathematk:s 
programs  hekS  here,  in  fact,  teachers  have  recognized  the  advantages  of  being  in  an 
jnterc^scipllnary  program.  Third,  we  have  shown  that  teachers  respond  positively  to 
being  treated  as  professionals  and  peem  by  researchers.  Alt  were  honored  to  be 
im  o^ed  In  a  program  at  Femiilab! 


it  is  our  experience  that  NSF  tx^facher  institutes  have  an  impact  tar  beyond  the 
programs  then^ves.  They  are  catalysts  that  leven^  local  e^rl  ar>d  support.  The 
rmittlpirer  effect  is  ctomonstr^ed  by  activities  that  develop  directly  from  Fermilab 
institutes.  Our  graduates,  armed  with  new  teaching  strategtes  and  dasssroom 
materials,  tme  organized  thrae  local  sharing  nehworks  for  over  500  teachers  who 
meet  monthly  during  the  sctool  year;  our  graduates  have  invigorate  p'-j^sionai 
organizations  with  new  leatitoisNp  and  exciting  hands-on  prGmentations  at  ^ate.  local 
and  national  meetings;  they  have  organized  a  countywide  ir^ervice  day  for  junior 
high  and  high  school  science  toilers;  they  have  developed  ifservice  programs  lor 
their  colleagues  in  elementary  and  junior  high  schools  -  some  5000  teachers  wll 
benefit  from  these  presentations  in  1969;  they  are  organizing  a  regional  training 


MULTTPLIER  gFFECT  AND  PROGRAM  II^ACT 


ERIC 


122 


4 


program  in  ptiyskrs.  Appendix  8  inciud«s  presentations  tmm  and  acKnowledgeoients 
of  NSF  grant  #  TBI  8470531  iMiich  funded  years  tnree.  *our  and  five  of  the  Summer 
Inetitute, 


Teacher  institutes  cannot  be  a>ncKic!ed  wittiout  federal  support,  'Hirough  Friends 
o1  Fermilab  procoti€rge  education  programs  at  Fermilab  receive  funds  from  private 
foundations  and  individuals,  Sc^iooi  districts  do  provide  some  support  tor  participants. 
But.  it  has  l)een  our  experience  that  the  amoum  of  mof^ey  needed  for  a  significant 
program  such  as  a  telphers'  institute  cannot  be  raised  locally  on  a  sustained  basis. 
All  seven  institutes  at  Fenni!ah  wiirs  funded  in  la?^e  pans  by  the  Department  of  Enengy 
Office  of  Enetgy  Rroearch  arxl/or  NSF.  Without  the  continued  support  of  NSF  and  the 
Department  of  Enegy.  Fermilab  precollege  education  programs  which  ^lave  grown 
from  two  In  FY  80  to  some  twenty-^x  in  FY  89  w<Hild  have  died.  Appencfix  C  reviews 
the  funding  of  our  teadrer  Institutes. 

APPfUPNAL  CQfi^MENTS 
fJian^  of  toda/s  best  preooilege  sdence  teachers  received  advanced  training 
In  NSF  "proj^^^  sdence"  summer  course  of  the  60's.  Now,  it  is  necessary  to  train  a 
new  generation  of  tethers.  A  variety  of  programs  are  needed  to  support  equal  and 
stistained  efforts  that  reach  urrderprepared.  average  and  excellent  teachers  The 
following  suggestions  for  teacher  enhancement  programs  are  a  summary  ot 
recommendations  from  my  colleagues  who  conduct  teacher  institutes  at  other 
Department  of  Energy  laboratories  and  from  teachers  who  are  staff  members  for 
FermHab  Institutes.  In  general,  they  comment  that  pongress  can  help  schools  by 
pfpvlt^ng  pn^rqm^  that  uttmH  pftnplft  to  Iftanhir^  and  retain  them  once  attracted 
Aggiess^e  funding  ®  needed  tor  eieme,^fy  school  teachers  and  for  school  districts 
with  large  mmortty  enrollments,  tesues  of  gender  fairness  and  high  expectations 
Independent  of  sodo-econcmic  status  should  be  included  in  NSF  sponsored 
progtams. 

•  Programs  to  attrart  teachers  should  provkje  scholarships  lor  students  planning  to 
te^  and  offer  tntamshtps  to  give  them  practical  experience  with  ecttviiy-basc^d 
learning  and  an  understanding  ot  how  modem  science  is  conduc*<#a.  Such 
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imgrams  cou\6  be  sponsorod  by  partn^fsl^ips  between  coNeges  and  untversaies 
and  Institutions  such  as  n^fona!  iaboratorfes  and  hands-on  ini^ums  and  funded 
by  federal,  state  mid  private  soufoes. 

•  Pwtmsm  for  younger  seoondaiy  teachers  ^toM  grans  master'fi  decrees  in 
scienoe  or  mathema^  tnmr  a  period  of  <ceveraj  summers.  This  is  f^cularty 
Important  if        ctiar^es  Hi  mathemato  curriculum  and  instnjc^on  are  to  t)e 
imptom^ned.  Even  if  new  texti)Ooks  ft^low  the  NCTM  star^rds.  extensive  training 
must  be  provided  to  oirrer^  teachers  to  h^  them  diange  ttie  methods  by  which 
they  teach  mathematics. 

•  Progwnsfor  mom  eifpeftem^nd  tA^^am  should  provkte  refrashar  fiotjrses  where 
taac^re  can  updi^e       backgroufKl  in  their  ba^  subject  area  and  team  new 
teaching  t^atei;^  Research  afyeSmmants  at  unfversitjes  and  national 
laboraiories  tor  outstanding  teac^mns  are  a  mechanism  not  c^ily  to  reward 
eicot^icmoe  in  teaching  M      to  iieep  teachers  In  tom^  with  science  as  Oin^ently 
practiced. 

•  iniywafive  pmymms  fMt  develop  different  strategii^  and  may  have  cifferent 
expectatkHffi  should  be  pursued  for  underpr^red  teachers, 

-  InterxSscipllnafy  sdence-techmHogy-sodety  programs  sho  jid  be  encouraged  and 
should  pmm  st^yoft  far  soriai  stiant^  teachers  as  well  ^  science  teachers 

•  NSF  programs  shoi^d  be  funttod  as  long  aa  they  rflmAin  ^hto  ratner  than  for  one 
two  or  three  years  as  ^  t^  currer^  practice.  In  order  to  change  cuniculum  and 
iflstnjction  Jn  a  m^  wsf,  m\  entMe  genersd^  of  tm^ters  nnist  be  exposed  to 
rtgourous  content  and  effective  in^mcsicmai  technic^ies.  The  bene^  will  be 
passed  on  to  an  entire  generation  of  stuctonte. 

In  addition  to  irmeased  support  for  NSF  tether  training  programs,  if  nislatfve 
inltiativee  couki: 

•  Pmmotft  coqwation  tietween  NSF  and  other  federal  agencies  involved  in 
fmooHege  science  and  mathematics  education. 

«    incraaae  funds  ^  r  precoilege  sdefK:e  and  mathematics  ec^caiton  in  federal 
agemiies  such  as  the  Depanrrmnt  of  Energy. 

•  Fund  rgffion^l  centers  to  work  with  school  systems  at  out-of-school  factlities  such 
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as  national  laboratories  and  museums. 
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W«  cannot  expect  the  schools  lo  raise  the  literacy  of  the  nation  all  alone.  Many 
outside  partners  can  and  must  contnbutc.  We  can  dout?ie  and  triple  our  efforts  by 
creating  innovative  partnerships  balween  the  educat»on  community  and  national 
latmratories,  museums,  and  tHJSinesses,  tiehwe&n  informal  and  formal  science 
programs.  Your  continued  suf^rt  is  neected  to  help  us  turn  Kids  on  to  science  by 
tapping  the  trenwndous  resoufces  that  exist  at  fadlities  like  Femr^ilab. 

I  WDuid  Hke  to  that,,,  you  tor  this  opportunity  to  s^^k  about  Fermiiab  programs  and 
tor  your  past  suppon  I  am  happy  to  invite  you  to  visit  the  laboratory  to  see  tor 
yourselves  what  the  exatement  is  all  about. 
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Commmts  Hem  fFmfU:fpmfM  In  TMCMr  InitftuNit  at  FarmUob 

"Do  you  recoS  the  Toyoto  commercial  of  the  post  few  ye<^  where  1t>e  pec^le 
yeited'Oh.  Whota  Fe^ng»,,./a$ttieyMTf>POclttva0fe^  Thattcrirfy 
wed  describes  my  feelir^  about  my  experience  of  the  pas!  month  at  the 
Summer  Institute  for  Science  Teachers  of  Fermllab.  I  am  ocfuoBy  antic  ipoting 
my  return  to  sctKX>(  this  raH  wtwe  I  con  try  out  some  of  my  newty  acquired 
kr\owiedoe  on  my  m»ispectfr^  s^idents>• 


"Before  I  came  to  the  institute,  I  fert  I  knew  most  of  the  onswers.  As  time 
processed.  I  reoiized  Just  how  much  had  transpired  since  I  was  k»t  a  student, 
and  at  times  I  didn't  even  ufKlerstar>d  the  questions.  Thte  has  been  a  richly 
rew€»dlr>g  and  st^ulot^  experience  for  ma,.' 


•^fy  students  fvsve  nottaed  my  (nterjections  of  t^•e  work  at  Fermtfab  os  they  now 
come  to  me  more  of\m  oskirtg  about  Superconc^ctors.  Super  Coffldofs.  quarks, 
etc.  They  enjoy  being  ob*e  to  find  these  topk:s  in  the  news,  whoiher  they  reod 
them  or  hear  them.* 


The  StST  (Summer  tnstitute)  experience  was  Just  wonderful  for  me!  As 
a'leenter^^Q,  retrc^rOng'  teocher  n  was  exoctly  what  l  needed/  •Progroms  like 
this  and  the  support  groups  Vi/hkrh  are  formed  aftcK  them  ore  the  best  things 
that  can  happen  to  science  teoching,' 

"Excitement  has  been  infused  Into  fifteen  classrooms  and  into  hundreds  of 
y(Xing  peopie  study^  physics  for  the  first  time.  These  stuients  ore  getting  on 
exceptional  educotion,  after  aii.  they  would  tell  you,./l\/iv  tcjocher  spent  the 
summer  at  Femniiabr 
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Funding  for  Teacher  Institutes  at  Fermllab 


Summer  Institute  for  Sdenra  and  Mathematics  Teachers 
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6% 
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Mr  Walgren^  Thank  you  very  much.  Maybe  there  is  a  way  we 
can  take  you  up  on  that.  It  v'ould  be  a  very  valuable  experience. 

Ms.  Bardeen.  The  plane  leaves  at  4:(H)  o'clock  this  afternoon. 
[Laughter,] 

Mr.  Wau;rkn-  Dr.  Saltman, 

STATEMENT  OF  DR  PAUL  SAI.TMAN,  FROFESSOK  OF  BIOLOGY, 
DEPARTMENT  OF  BIOiX)GY,  LNIVERSiTY  OF  t'ALlFORNIA-SAN 
DIEGO,  LA  JOLLA,  CA 

Dr.  Saltman.  Thank  you  very  much  for  inviting  me  here.  I  did 
prepare  and  send  to  you  a  written  statement,  and  the  more  I 
thought  about  that  statement,  the  less  personal  it  became  and  less 
meaningful  I  thought  it  would  be  to  you. 

So  I  am  going  to  take  a  few  minutes — and  I  mean  a  few  min- 
utes— and  first  tell  you  who  I  am.  1  am  a  Professor  of  Biology,  ^ 
have  been  one  for  22  years  at  UOSan  Diego,  but  I  must  confess  to 
you  that  I  am  really  a  school  junkie.  I  have  been  in  school  for  57 
years. 

It  began  in  the  Lc^  Angeles  Public  Schools,  and  I  wended  my 
way  through  Cal  Tech  to  a  Bachelor's  Degree  and  a  doctorate  and 
then  spent  14  j^ears  on  the  faculty  at  the  University  of  Southern 
California  preaching  and  teaching  biochemistry  to  the  medical  stu- 
dents and  then  came  to  UCSD  in  1968 — 'G7,  where  I  served  not 
only  as  a  Professor  but  as  a  Provost  of  one  of  the  colleges  and  as  a 
Vice  Chancellor  of  Academic  Affairs. 

J  am  a  scientist.  I  am  a  researcher.  Over  200  publications,  three* 
books.  I  have  g^nts  from  the  National  Science  Foundation  and  the 
NIH.  I  am  deeply  involved  at  this  very  minute  in  what  I  think  are 
very  exciting,  wonderful  breakthroughs  in  science. 

1  am  also  a  teacher.  I  have  always  taught  large  classes  of  under- 
graduates and  graduates,  even  when  I  was  a  Provost  and  a  Vice 
Chancellor.  I  taught  because  I  love  to  teach.  It  is  very  exciting, 

I  reached  out  to  a  national  audience  by  writing  a  popular  course 
in  nutrition.  It  was  a  couple  of  books.  We  did  a  course  by  newspa- 
per that  was  nationally  distributed  when  I  was  Vice  Chancellor, 
and  I  have  done  many  pn^rams  for  national  educational  TV  be- 
cause  I  do  believe  that  all  media  must  be  used. 

I  have  served  as  a  Visiting  Professor  in  Paris,  in  Copenhagen,  in 
Perth,  Australia,  and  in  Jerusidem,  Israel  and  in  that  capacity 
have  seen  a  lot  of  different  educational  systems  at  work  and  par- 
ticipated in  them. 

I  am  not  going^  to  reiterate  the  crisis  we  have  in  mathematics 
and  science  literacy.  Everyone  has  told  you  that  and  belabored  you 
with  it,  and  I  have  known  it  for  a  long  time.  I  tt*ach  the  kids  who 
come  out  of  the  high  schools. 

So  I  thought  it  was  time  to  stop  wringing  one  s  hands  and  to  go 
do  something  about  it,  and  one  of  the  things  I  decided  to  do  about 
it  was  to  plunge  into  it 

Having  served  on  the  Advisory  Ekxird  of  the  Science  and  Engi- 
neering  Education  R^ard  of  the  NSF,  I  asked  for  a  small  grant  and, 
with  the  cooperation  of  several  colleagues,  I  taught  two  summer 
programs,  with  continuing  education  thn>ugh  the  year,  the  so- 
called  cr<^»over  junior  high  school  and  high  school  teachers. 
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These  are  teachers  educated  in  shop,  educated  in  physical  educa- 
tion, educated  in  home  economics  who  suddenly  are  asked  to  do  hi- 
ol(^,  chemistry,  and  physics  and  their  guts  tighten  up.  And  I  can 
understand  that.  So  I  thought  we  would  do  something  to  help 
them. 

So  I  brought  tc^ther  a  group  of  our  m^t  distinguished  faculty 
from  UOSan  Diego  and,  reaching  out  to  the  San  Diego  City  and 
County,  did  two  summer  pn^rams  of  50  teachers  each  summer, 
and  it  was  succe^ful.  We  did  chemistry,  physics,  biology,  and  geolo- 
gy for  them.  Terrific  lecturers- 

But  at  the  end  of  the  summer  and  at  the  end  of  the  year  when 
we  had  had  these  continuing  programs  for  them,  I  was  frustrated 
because  there  was  no  continuity.  There  was  no  amplification-  Fur- 
thermore, I  kind  of  felt  that  it  was  not  reaching  into  the  right  level 
of  things  to  really  make  change  come  about  in  our  own  community. 

So  I  put  tc^ether  an  elementary  school  program  for  elementary 
school  teachers  to  enrich  their  lives  and  their  science  power  so  that 
they  could  come  into  that  classroom  and  do  something,  and  I  am 
going  to  talk  a^ut  that  program  in  terms  of  its  structure  and  func- 
tion. Being  a  biochemist,  those  two  elements  of  structure  and  func- 
tion are  absolutely  invaluable  in  understanding  mechanisms. 

The  first  thing  I  have  to  tell  you  is  the  free  energy  for  this  pro- 
gram comes  in  the  form  of  dollars.  The  National  Science  Founda- 
tion Education  Division  provided  them  to  us.  Without  those 
monies,  we  could  have  never  gotten  those  teachers  to  come  and 
enter  our  program. 

Let  me  now  talk  about  the  structure  of  the  program. 

I  have  nine  senior  faculty  from  the  UCSD,  faculty  not  only  in  the 
School  of  Medicine  and  the  Scripp^  Institution  of  Oceanography 
but  our  own  prc^ram  on  the  general  campus  as  well.  We  have  21 
guest  lecturers  signed  up  to  do  this  prc^am.  It  is  carried  out,  thus, 
with  the  top  faculty  of  our  institution. 

It  is  carried  out  under  the  aegis  of  the  University  of  California- 
San  Diego  Extension  Program.  Therefore,  we  have  a  structure  that 
has  to  be  an  institutional  structure.  I,  as  a  Professor  in  biolt^, 
could  never  run  this  program.  What  they  care  about  in  the  Depart- 
ment of  Biol(^  is  what  have  I  published  lately.  I  understand  that. 
Or  what  do  I  teach  for  biolc^  on  campus.  They  don't  care  about 
what  I  do  for  the  elementary  school  teachers,  but  we  had  to  have  a 
structure  that  allowed  the  function  to  take  place.  University  exten- 
sion  was  ideal. 

Then  I  realized  that  I  don't  know  anything  about  elementary 
school  education,  I  made  it  through  Melrose  Elementary  School 
and  Third  Street,  but  what  do  I  know  about  elementary  education. 

So  we  went  out  and  we  got  two  absolutely  first  clasas,  professional 
pedagogical  educators  who  had  spent  time  in  the  San  Diego  City 
and  County  School  System,  two  professora,  now  retired,  the  doctors* 
dean. 

And  at  last,  but  not  least,  in  this  structural  system  was  the  com- 
mitment of  the  school  systems  themselves  in  the  City  of  San  Di^ 
and  in  the  county,  their  commitment  to  see  that  if  their  teachers 
came  in  and  were  provided  with  the  richness  and  power  of  this, 
knowing  that  they  would  be  provided  release  time  to  go  out  and 
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teach  their  fellow  teachers  that  which  they  learned  from  us  and  to 
integrate  them  within  this  entire  effort. 

Okay.  So  then  what  is  the  missing  link?  The  missing  link  are 
who  are  the  teachers. 

We  decided  we  were  going  to  go  for  100  teachers  in  the  City  and 
County  of  San  Diego.  We  went  out  and  recruited  the  100  best,  mc^t 
willing  volunteers  to  come  into  this  prc^ram,  K  through  6. 

I  will  never  forget  the  first  day  I  met  with  them,  and  that  was 
this  last  summer,  and  it  was  in  July,  and  I  went  into  this  class- 
room and  I  asked  would  you  please  do  me  a  favor,  how  many  of 
you  have  had  one  year  of  college  science  in  the  course  of  your  cre- 
dentialing.  And  I  counted  the  hands.  Nine  hands  went  up.  Less 
than  10  percent  of  those  teachers  had  serious  science.  Not  how  do 
you  teach  science  to  elementary  school  teachers,  but  really  felt  em- 
powered with  any  of  the  sciences. 

So  right  away  there  was  this  fear  and  loathing  of  science  that  I 
could  smell  and  taste  and  feel  in  that  classroom  that  I  had  to  deal 
with. 

But  I  must  tell  you  something.  By  the  end  of  that  first  five 
weeks— and,  by  the  way,  I  taught  all  nut  two  lectures  in  that  first 
five-week  period,  five  days  a  week,  two  and  a  half  houra  every 
rooming.  I  was  in  that  classroom  with  those  faculty,  and  I  wiJJ  talk 
more  about  that  later.  But  the  notion  was  I  could  see  that  *,hese 
teachers  became  empowered  with  knowing. 

What  is  the  function  of  this  program?  How  does  it  work? 

Three  summers.  1  told  you  about  the  first  summer.  Modern  biol- 
and  nutrition^  taught  to  those  teachere  not  in  the  language  of 
an  elementary  school  student  or  a  teacher,  but  tiiught  in  the  lan- 
guage that  I  would  walk  in  and  teach  to  any  major  in  biology  so 
that  they  felt  that  they  knew  the  same  biology  that  any  person 
going  on  into  biology  would  know  or  go  on  intx)  nutrition  would 
know.  Nothing  watered  down.  Nothing — no,  you  know,  thin  gruel- 
It  was  heavy  stufl^. 

So  in  the  morning  they  were  taught  the  formal  lectur  ^,  and  in 
the  afternoon  then  they  would  be  given  the  opportunity  to  break 
off  into  groups,  K  through  2  and  then  S  and  4  and  5  and  fi,  and  all 
of  that  information  that  we  had  imparted,  all  of  the  visual  materi- 
al that  we  had  presented  th'^ni,  all  of  the  use  of  the  college  level 
textbooks  that  they  were  tolc,  to  learn,  because  I  am — you  know,  I 
am  kind  of  like  the  i^xifather.  When  a  kid  comt^  into  my  class — 
and  I  don't  care  whether  it  is  a  K  through  6  teacher  or  a  fresh- 
man— a  deal  goes  down.  They  are  going  to  le;irn  the  material,  and 
I  am  ^*oing  to  teach  tne  material,  and  it  works  every  time,  provid- 
ing everyone  understands  that  that  was  the  deal,  and  the  deal  was 
they  were  going  to  learn  biology  and  nutrition,  and  they  did. 

And  then  they  did  that  important  st^ep  in  the  afternoon,  working 
with  science  professionals  at  the  elementary  leveL  They  took  that 
material  into  laboratories  at  UCSD  and  translated  it  into  projects, 
experiments,  curricular  developments,  use  of  textbooks*  integration 
with  the  California  science  guidelines,  so  that  that  which  they  had 
in  the  morning  bwame  a  reality  for  their  classroom  that  afternoon 
or  soon  after. 

That  is  the  pn^ram  that  we  ran  this  last  summer.  Next  summer 
will  be  geology,  oceanography,  met€K)rology,  and  ^istronomy.  The 
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summer  after  that  is  goin^^  to  be  the  chemistry  and  physics  of  ev- 
eryday life. 

Those  teachers  are  empowered  now.  Every  month  they  come 
back  onto  campus.  I  give  them  the  m(»t  intense  and  wonderful  fac- 
ulty to  speak  to  them-  Last  Saturday  Marty  Chrisfields,  one  of  the 
great  plant  molecular  biologists,  lectured  to  them  about  gene  jock- 
eying in  plants  in  the  future,  and  these  teachers  understood  it.  He 
didn^  give  a  watered  down,  mushy  seminar.  He  gave  them  hard 
core  stuff,  and  they  ate  it  up.  It  was  beautiful. 

It  develops  in  this  structural  relationship  a  network  among  these 
teachers.  Tliose  1(K)  teachers  have  a  brotherhood  and  a  sisterhood 
the  likes  of  which  I  think  is  rare  that  I  have  seen  among  the  public 
school  teachers  in  our  community,  and  they  have  also  developed 
the  network  so  that  they  feel  conifortable  with  me  and  the  other 
faculty  raembera  with  whom  they  interact. 

I  get  telephone  calls  day  and  night.  They  have  my  home  phone. 
They  have  my  office  phone.  They  call  me.  Hey,  a  kid  asked  me  a 
problem  about  this.  Who  do  I  go  see?  Boom,  it  is  theirs. 

They  are  empowen.'d.  They  don't  have  to  be  frightened  any 

longer.  ,    .        ,  . 

Then  the  question  was  asked,  you  know,  well,  is  it  workmg,  is 
there  any  amplification  of  this  thing? 

We  have  a  deal  that  is  part  of  the  Mafia  contract  of  them  signing 
on.  Every  one  of  you  is  committed  to  teach  a  minimum  of  ten  of 
your  fellow  teachers  in  your  school  or  in  your  district  or  vou  are 
out  of  here-  That  program  is  already  in  place,  and  I  can  tell  you  at 
the  present  time,  at  the  last  count  we  made,  693  teachers  are  being 
taugnt,  and  that  is  only  by  a  handful  of  about  ten  of  our  best  facul- 
ty, and  the  rest  are  going  into  that  program  the  coming  summer  to 
do  it. 

The  amplification  is  working.  I  feel  very  good  about  that.  I  am 
not  frustrated  anymore. 

You  say  does  it  help  the  teachers;  how  do  you  know  that?  I  keep 
getting  questions  that  were  sent  to  me  by  your  committee.  How  do 
you  know  they  know  anything? 

We  test  them  at  T-zero.  We  tested  them  at  the  end  of  five  weeks. 
I  would  love  to  show  you  their  exams. 

Can  you  imagine  third  grade  teachers  who  didn't  even  know 
there  was  a  science  of  thermodynamics  can  explain  the  first  and 
second  laws  now  in  languages  that  I  can  understand  and  their  kids 
can  understand?  They  understand  about  how  DNA  begets  RNA 
begets  protein,  and  they  can  talk  about  it  and  do  experiments 
about  it. 

That  is  in  the  examination.  That  is  in  the  knowledge  that  they 
have  acquired. 

They  have  developed  new  curriculum.  I  have  seen  it.  l  have  been 
in  the  schools.  The  deans  go  into  their  schoolrooms  every  day  to 
monitor  the  prepress,  to  serve  as  resource  people. 

It  is  working. 

One  of  the  teachers— we  did  a  questionnaire.  We  said,  how  much 
time  do  you  spend  teaching  !«:ience  per  week  in  your  classroom? 
You  know,  the  high  numbers  were  20  minutes.  And  you  know  what 
they  are  saying  now?  Evei-y  day  I  teach  15,  20  minutes  of  science.  I 
bring  in  the  morning  newspaper.  We  talk  about  public  events  and 
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how  it  relates  to  ^ience  and  what  is  the  science  meaning  of  these 
vario"s  activities  of  the  ozone  layer,  of  splicing  genes,  of  cancer,  of 
AIDS,  whatever  it  is.  Those  teachers  now  feel  they  can  walk  in  and 
do  kind  of  a  Mort  Sahl  number  out  of  the  morning  paper  and  bring 
the  science  in  with  the  laughter. 
That  is  not  trivial 

We  have  monitored  the  in-service  training.  We  arc  on  top  of  it 
all  the  time,  arid  I  got  to  tell  you  another  piece  of  it,  which  is  kind 
of  wild,  and  that  is  the  faculty  that  I  had  to  cash  in  my  markers  to 
get  to  come  into  this  pn^ram  because  my  faculty  colleagues  don't 
do  this  for  money.  They  do  it  because  I  break  their  arm,  and  I  said, 
you  know,  come  on,  you  got  to  do  this,  it  is  God's  will,  you  got  to 
teach  these  teachere,  and  they  kind  of  looked  at  me  like  I  was 
crazy,  but  that  is  certifiably  true. 

But  what  happened  to  those  faculty  on  our  faculty  are  wonder- 
ful. They  fell  in  love  with  th<^  teachers.  They  have  continued 
their  relationship  with  those  teachers  on  an  ongoing  basis,  have 
gone  from  the  university  into  the  classrooms  of  the  teachere,  have 
brought  classrooms  of  first,  second,  third,  fourth,  fifth,  sixth  grade 
kids  into  their  own  laboratories  to  show  them.  That  is  an  act  of 
love.  Nobody  pays  them  to  do  this,  and  certainly  the  academic 
senate  doesn^t  reward  it  in  promotions. 

An  epilogue.  I  got  to  tell  you  something,  true  confessions.  This 
has  been  the  most  passionate  and  joyous  teaching  that  I  have  had 
the  pleasure  of  doing.  I  have  done  a  lot  of  teaching.  I  have  won  a 
lot  of  awards  for  teaching  This  h^is  been  really  a  remarkable,  emo- 
tional experience  for  me. 

And  as  I  say  that,  I  say  to  you  also  it  is  only  through  the  NSF 
that  this  program  could  have  come  al>out.  I  don't  know  anyone  else 
who  is  doing  this,  who  would  have  funded  it,  would  have  allowed 
this  kind  of  a  powerful  academic  institution  to  interact  with  the 
school  system  and  those  teachers  to  make  good  things  happen. 

People  have  talked  a  lot  about  curricular  development  in  TV  and 
this  and  that.  Mr.  Chairman,  it  is  the  strength  and  the  power  and 
the  knowledge  of  the  teacher  in  the  classroom  that  makes  the  dif- 
ference in  the  learning  experience.  You  can  have  all  of  the  great 
textbooks  in  the  world,  and  if  you  don't  have  a  teacher  as  a  catalyt- 
ic agent  to  make  that  change  come  about,  who  feels  a  s^nse  of  com- 
fort with  that  science,  science  and  math  education  will  never  aime 
about. 

And  we  cannot  wait  for  Godot.  I  feel  like  I  am  living  in  a  Beckett 
play.  I  am  going  cra^y  waiting  for  Godot,  and  the  only  way  I 
cannot  wait  any  longer  is  to  not  wait  for  the  training  of  the  future 
tt^achers.  We  have  men  and  women  in  our  chissrooms  now.  We 
must  empower  them  with  knowledge.  That  is  where  the  catalytic 
process  b^ins.  That  is  where  enormous  efforts  must  be  taken. 

I  think  that  your  committee  is  so  important  in  the  sense  that  the 
appropriations  that  you  give  to  the  NSF  to  carry  through  these 
programs,  not  only  on  the  precoUegiate  levels  but  in  the  collegiate 
levels  iis  well,  which  I  deeply  appreciate  because  1  am  a  part  of 
that  enterprise*.  That  is  my  life's  blood.  Protect  it  and  extend  it. 

And  the  other  thing  I  would  say  to  you  is  that  I  think  that  the 
NSF  really  deserves  the  full  support  of  the  Congress  for  both  edu- 
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cation  and  research.  I  thinl  teaching  and  learning  are  the  yen 
yang*  They  cannot  be  separated. 
Thank  you. 

[The  complete  prepared  statement  of  Dr,  Saltman  follows:] 
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STATEMENT  OF  DR.   PAUL  SAITKAN, 
DEPARTMENT  OF  BIOLOGY,  UNIVERSITY  OF  CALIFORNIA  -  SAN  DIEGO 
BEFORE  SUBCOMMITTEE  ON  SCIENCE  RESEAJRCH  AND  TECHNOLOGY, 
HOUHE  COMMITTEE  ON  SCIENCE.   SPACE,  AND  TECHNOLOGY. 
WASHINGTON.   D,C. .  MARCH  9,  19$9 


Members  of  the  Research  and  Technology  Subcommittee: 

I  «m  Paul  Saltman,  h  Professor  of  Biology  at  the  University 
ot  California  -  iJan  Diego  I  came,  before  you  today  to  lay  out  my 
viewf,  on  the  state  of  science  and  engineering  education  in  the 
United  States  and  to  offer  some  suggestions  for  iniproving  its 
qual ity . 

Study  after  ctudy  over  the  past  decade  or  ko  hac  confirnted 
the  worst  fears  of  many  educators  and  scient if^t 5  •  We  are  in  a 
crisic  that  requires  prompt  and  effective  action.  I  do  not  need 
to  elaborate  for  this  subcommittee  the  results  of  recent  surveys 
that  rank  American  pre-college  students  far  below  their 
contemporaries  in  other  countries  in  their  understanding  of  the 
natures  I  sciences  and  mathematics.  There  is  a  general  turning 
away,  on  the  part  of  young  people,  from  careers  in  those  fields 
of  l#^&rning. 

By  the  year  2000,  nearly  half  a  million  lobs  requiring 
bachelor  of  science  degrees  will  be  unfilled  for  want  of 
qualified  candidates.  The  young  men  and  women  who  should  be 
receiving  those  degrees  at  commencement  exerciseii  just  11  years 
from  now  are  already  in  the  fifth  grade,  and  those  who  should  be 
receiving  doctorate  degrees  at  those  same  ceremonies  are  high 
school  Bophomore.s  today • 

I  mention  high  school  Fophomorcs  for  a  very  cogent  reason. 
For  over  a  decade,  we  have  been  tracking  a  cohort  of  Amfericans 
who  were  tenth  gtadcrs--^high  school  sophomorefi^'-in  1977,  when  the 
study  began.  This  cohort  gr aduated--or ,  more  liKely,  did  not 
graduate--as  thf?  coK:,ge  class  of  1984.  This  stndy's  aim  was  to 
follow  changes  in  the  cohort's  science  and  engineering  interests 
over  a  IS  year  pf?r iod  ending  in  1992, 

Let  n.f»  biiefly  review  what  we  have  learned  thus  far  and  what 
wo  Cuv.  confident  ;v  predict  for  the  remainder  of  the  study, 

Thejo  w<^::e  A  million  sophomores  m  American  secondary 
GchfH-ls  whtn  thf-  study  beq«n  in  1977.  They  were  initially  Polled 
about  their  irtciebt  in  the  sciences  and  engineering,  Soine  three 
quarters  of  a  nu  1 1  ion- -about  19  per  cent  of  the  total --"expressed 
i>opx:  intert'st.  T:/e  other  ^idv  of  the  coin,  of  course.  is  that 
mere  thar.  80  pf^r  cent  o?  the  hiofi  f.rhool  sophomores  of  197  7  were 
iLlrt-rfdy  lost  to  sr^ence  and  engiiureiing  before  the  study  began, 

T!ir  lunior  and  senioi  years  of  high  s  "hool  are  the  perio'i 
when  studentc  with  some  interest  in  science  get  turned  on  or  off 
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by  %*at  they  expei  ience  In  claBs.  It  ic  sad  to  note  that  the 
750,000  intereitted  ^ophowores  had  dwindled  to  340.000  by  the  time 
that  they  were  asKed  aqain  re  laatrxcuiatino  college  frcBhwen  what 
their  intentions  were.  And  it  is  even  Eadder  to  note  that  forty 
per  cent  of  these  ecience-orionted  freshman  either  changed  their 
irvajor  or  dropped  out  cf  college  by  the  time  graduation  day  rolled 
round  for  the  class  of  1984.  Of  4  million  students  total,  three- 
quarters  of  a  million  of  whom  had  some  interest  in  science,  only 
204,000  students  graduated  with  a  scientific  or  technical  degree. 

I  could  go  on  and  talk  about  further  pipeline  leakage 
through  graduate  school  to  the  roasters  and  Ph.l.  levels,  but  I 
won't.  1  wish  to  concentrate  on  what  we  need  to  do  to  stanch  the 
hemorrhagic  losses  in  out  science-education  pipeline  where  they 
are  greateGt.  namely  at  the  pre-coHege  and  collegiate 
undergraduate  levels. 

Pre-coUege  first.  The  National  Science  Foundatiorw  through 
its  directorate  of  Science  and  Engineering  Education,  is  working 
closely  With  colleges*  universities,  and  professional  societies. 
36  well  as  with  state  educational  offices  and  local  school 
districts  to  improve  the  quality  of  instruction  in  this  area  at 
the  elementary,  middle  and  secondary  school  levels.  This  is  a 
fairly  rect^nt  effort •  most  of  it  having  taken  place  since  fiscal 
198  ^  when  funding  for  pre-coU egiate  education  was  virtually 
2eraed  out,  «uch  is  bfeing  done--for  instance,  by  SEE's  Division 
of  Teacher  Preparation  and  Enhancement--much  more  could  be  done 
given  greater  ri-j^ources  and  support  from  the  topmost  levels  of 
government . 

Some  of  the  most  pro?  ising  activities  are  being  done  in 
collaboration  with  scientitic  societies-  Let  me  give  you  an 
example.  The  American  Institute  ot  Physics  has  been  awarded  an 
SEE  grant  for  a  project  called  "Operation  Physics.-  which  brings 
together  middle  school  teachers  for  summer  workshops  at  San  Diego 
State  University  with  the  financial,  administrative  and 
programir.atic  support  of  their  own  school s>  The  objective  is  to 
improve  the  quality  of  middle-school  science.  Let  me  give  you 
anotiier;  ChemCom,  a  project  of  the  American  Chen.ical  Society, 
also  supported  by  an  SEE  grant,  aimed  at  developing  al t^-rnatives 
to  the  traditional  chemistry  curricula  in  secondary  schools. 

Not  to  over-elaborate  my  message,  I  would  lust  ^^^^^ 
mention  BEK " b  Teacher  Enhancement  Program,  which  was  able  tu  luu^ 
cnly  about  one-lourth  of  the  400  proposals  it  received  each 
year.  Not  all  the  pro:osal5  received  are  worthy  of  support.  but 
fully  halt  of  them  are.  These  unfunded  support -worthy  proposals 
represent  &  lot  of  good  ideas  gone  to  waste.  What  does  the 
Teacher  Er.hancement  Progiam  do?  Well,  it  enables  colleges  and 
universities  large  and  small  to  ofter  teachers  additional 
training  in  scientific  sub-^ects  in  which  they  may  be  weaK ,  and  to 
give  ie«chtjh  w!iu  aitr  f^tr^.r.g  in  sciCTicc  additional  training  In 
the  use  cf  instrumentation  and  teaching  £:idG  that  will  increase 
their  clascroom  effectiveness. 
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I  could  go  on,  but  won't,  turn  j  nov#  to  the  need  to  Improve 
science  education  beyond  high  school.  Xh«  beet  of  our 
coUeoiate,  and  particularly  pur  graduate*  science  education  15 
unparalleled  In  the  world.  But  not  all  post-aecondary 
instruction  is  of  the  hlgheet  quality. 

There  is,  I  believe,  a  fundamental  difference  in  the  way  NSF 
dificharges  ite  obligations  at  the  pre-college  and  colleqe  levels^ 
and  in  my  view  the  difference  is  an  organizational  one  that  could 
easily  and  quickly  be  changed,  with  highly  beneficial  effects. 

Pre-coHeglate  educational  activities  within  NSF  are 
centralized  in  the  Directorate  of  Science  and  Engineering 
Education  (SEE),  which  is  entirely  education-oriented,  whereas 
much  of  the  college  level  instructional  support  is  provided  by 
the  NSF  directorates,  which  are  largely  research^orien^^^ed.  This 
is  understandable »  and  I  do  not  offer  this  observation  in 
criticisin  of  the  other  directorates,  whose  activities  in  aid  of 
higher  education  have  yielded  rich  returns  for  the  United  States. 
But  it  is  certainly  obvious  that  when  research  is  the  primary 
interest  of  an  agency,  non-research  programs  perforce  will  be  the 
first  to  feel  the  pinch  of  shrinking  budgets.  I  strongly  urge 
that  all  science-education  activities  be  consolidated  in  a  single 
office  at  the  National  Science  Foundation  to  enhance  the  teaching 
function  which  J^SF  is  charged  with  fostering. 

Two  briel: ,  final  thoughts  in  a  statement  already  overlong; 

First,  recall  that  the  pipeline  begins  halfway  through  high 
school  and  ends  15  years  later  at  the  Fh,D,  level.  As  appalling 
as  the  total  picture  I  have  drawn  ©ay  be,  it  is  worse  when 
segments  of  it  are  examined.  I  refer  to  the  losses  of  females 
and  of  minority  students  of  both  sexes  from  the  pipeline.  More 
emphasis  must  be  placed  on  attracting  and  tetalning  women  and 
minorities  in  the  scientific  enterprise,  because  these  are  the 
people  we  are  going  to  depend  on  for  most  of  our  brainpower  in 
the  year  2000  ^^nd  beyonc?..  Think  of  this,  members  of  the 
subcomiritteei  85  per  cent  of  the  job  vacancies  that  will  exist 
at  the  turn  of  the  century--only  11  yesrs  from  now--aiuBt  be 
filled  by  workers  other  than  the  white  males  who  up  to  now  have 
been  the  backbone  of  our  labor  force. 

And  final ly^  It  is  not  enough  to  talk  of  science  education 
just  for  the  relative  few  who  will  becoii^©  working  scientists  and 
engineers  ^  We  live  in  a  complex  scientific  and  technologi'^al  age 
that  can  nniy  become  more  complex  as  years  go  by.  In  order  to 
have  an  effective  and  functional  d*>raocracy,  we  must  move 
forcefully  to  bring  everyone  to  an  appropriate  level  of 
scientific  iiteracy--scientiste  and  cutting-edge  technologists, 
industrial  and  business  managers,  civilian  and  military  public 
servants,  the  labor  force;  in  short,  everyone. 
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Mr.  Walgren.  Thank  you,  Dr.  Saltman.  Thai  is  strong. 

Let  me  recc^ize  the  gentleman  from  California,  Mr.  Brown. 

Mr.  Brown.  I  think  this  panel  is  a  good  illustration  of  the  kind 
of  approach  that  we  need  to  make  to  improve  this  teaching  of  sci- 
ence and  mathematics. 

My  question  is  how  can  we  expand  on  this? 

I  see  here  represented  a  concept  of  the  wholen^  of  the  educa- 
tional process,  the  utilization  of  all  the  resources  to  the  communi- 
ty, in  the  fedeml  laboratory,  an  outstanding  university.  You  have 
even  brought  in  teacher  training  institutions  to  provide  a  supple- 
ment  to  it,  and  almost  every  community  has  resources  of  this  sort 
There  are  laboratories,  there  are  teacher  training  institutions, 
there  are  researchKirientad  institutions  of  higher  education.  They 
need  to  work  as  partners,  as  teams,  with  a  little  inspiration. 

I  sense  that  inspiration,  Dr.  Saltman,  in  you  as  an  excellent 
teacher,  but  you  are  not  the  only  excellent  teacher  in  the  world.  I 
hope,  aiid  we  probably  have  wme  in  every  community. 

How  do  we  get  them  to  working  together?  How  do  we  get  them 
to  replicating  this  procc^  so  that  it  spreads  throughout  the  socie- 
ty? Loes  it  require  additional  funding  to  NSF  or  does  it  require  a 
leadership  role  that  isn't  being  played?  Does  it  require  some  inspi- 
ration that  we  haven't  figured  out  how  to  create  yet? 

Dr.  Saltman.  I  will  try  to  respond  a  little  bit. 

I  don't  think  you  have  to  reinvent  the  wheel  every  day,  and  what 
I  am  doing  now  is  working  with  my  colleagues  in  the  Los  Angeles 
area  from  USC  and  Cal  Tech  and  from  Stanford  in  the  Bay  Area 
and  with  Berkeley  and  with  our  friends  at  UCIrvine,  and  what  we 
would  like  to  do— and  again— is  to  make  this  happen  everywhere. 

Mr,  Brown.  Everywhere. 

Dr.  Saltman.  Now,  I  am  a  realist.  I  can't— you  know,  I  played 
basketball  for  Cal  Tech.  I  know  what  it  means  to  lo^,  so  that  the 
issue  of  trying  to  take  on  an  opponent  you  cannot  win,  I  won't  play 
in  those  games  anymore.  I  want  a  50/50  chance. 

I  feel  I  can  make  change.  I  have  made  change  happen  with  my 
colleagues'  help  and  all  of  the  infrastructure  I  talked  about  in  San 
Diego.  That  will  continue.  We  want  to  export  that  throughout  the 
state. 

I  think  that  our  state  is  particularly  blessed  with  a  concern  to 
see  that  this  happens  and  a  science  curriculum  that  it  can  be  done. 
I  am  trying  to  subvert  Michigan.  I  have  secret  agents  at  this  very 
moment  working  to  get  Michigan  to  move  in  sinular  directions,  but 
using  their  faculty,  using  their  institutions,  usiiig  their  infrastruc- 
tures coherent  with  the  problems  that  they  face  in  that  state. 

You  talked  earlier,  Mr.  Chairman,  about  a  national  mandate.  I 
get  very  nervous,  I  don't  want  the  chairman  of  my  department  to 
mandate  my  curriculum  in  biology  when  I  teach  it.  That  is  my  ar- 


But  on  the  other  hand,  I  have  to  be  responsible  to  let  that  eur^ 
riculum  show  and  be  judged  by  anyone  who  cares  to  do  so. 

So  when  you  say  do  you  need  money  to  do  this,  yes.  These  are 
not  freebies.  It  costs  money  to  do  education  just  like  it  costs  money 
to  do  research.  If  we  didn*t  have  approximately  a  million  dollars 
from  the  NSF.  our  program  would  die  a  borning.  There  would  be 
no  teachers. 
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^^'^^11  f  tfe,geiitleman  would  yield,  let  me  just  add,  if  I 
might  where  that  NSF  money  was  detailed  in  this  program.  You 
said  at  one  point  that  it  was  necessary  for  that  to  be  there  to  brine 
the  teachers  in. 

^^How  was  the  NSF  money  used-bring  the  element^iry  teachere 

Dr.  Saltman.  Yes. 
Whl'^g^itf'*'^'  """"^^         ^"  program? 

mm«  t!.^'^^A''•       s^^^t^^^  eyery  teacher  $2.()00  per  summer  to 
come  to  that  institute  because  they  need  the  money.  They  can't  do 
this  on  their  own  ^ 
Mr.  Walgren.  $2,000? 

Dr.  Saltman.  Yes.  and  it  was  $2,000  a  year,  for  which  they  had 
the  commitment  to  come  to  the  classes,  to  attend,  to  take  the 
exams,  to  do  the  studying,  to  do  the  afternoon  work,  to  do  the  Sat- 
urdays, to  do  the-what  do  they  call  it-in-service  training,  even 
learning  the  vocabulary.  ^' 

Mr.  Walgren.  And  how  long  was  the  program  in  weeks? 
Dr.  Saltman.  Pardon? 

Mr.  Walgren.  How  long  was  the  program  in  weeks? 

Ur.  faALTMAN.  Five  weeks  in  the  summer  and  all  year-round 

yieUUn^''"^*^^'  ^^^^         ^  ^PP"^*^^  gentleman's 

Dr.  Saltman.  But  it  does  take  those  resources  and,  yes,  we  did 
gwe  an  honoraria  to  the  people  who  gave  lectures,  but  that  was 
small.  It  was  who  were  the  secretaries  who  had  to  do  the  communi- 
cation, who  paid  Bob  and  Melanie  Dean  to  go  out  to  the  schools  on 
a  daily  basis  to  be  the  expert  witnesses,  to  be  the  expert  coaches 
and  teachers  to  keep  that  level  of  excitement  up. 
That  doesn  t  come  for  free. 

tKJJLi?"*r?"  "^j"*^  causing  me  to  do  is  think 

through  what  could  be  done  m  my  own  Cx)ngressional  district,  for 
example,  where  we  have  a  number  of  good  institutions,  including  a 
branch  of  the  University  of  California,  a  good  teacher  training  in- 
stitution in  San  Bernardino  State  University,  a  lot  of  leadership  in 
the  local  school  community,  but  they  don't  get  together  to  interact 
on  these  kinds  of  things,  and  this  is  the  thing  that  I  would  like  to 

Dr.  Saltman.  Well.  C^ongressman  Brown,  I  want  to  see  it,  tt>o, 
and  I  am  perfectly  prepared  to  bring  my  troop  of  Um  dancers  up 
into  your  region  if  they  will  welcome  us  and  try  to,  in  effect,  in- 
seminate this  program. 

I  must  say  one  thing.  The  whole  thing  hinges  on  one  or  more 
small  cabala  almost  of  faculty  members  on  tho.se  first  class  univer- 
sities who  are  willing  to  take  the  leadership  role.  Without  that  it 
will  never  come  alx)ut.  It  cannot  be  mandated  by  a  chancellor.  It 
cannot  be  mandated  by  a  superintendent  of  schtx)is. 

Dr.  Beu,.  May  I  also  n«pond,  Mr.  Brown? 

Mr.  Brown.  Yes. 

Dr.  Bell.  It  does  require  that  amount  of  funding.  You  heard  Dr. 
baltman  say  he  wouldn't  have  done  it  without  the  NSF 

Those  out  there  in  the  field  that  you  would  like  to  catalyze  to  do 
these  sorts  of  things  are  many  and  varied  across  the  country  and  a 
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lot  of  them  already  put  together  ideas,  and  so  forth,  and  put  them 
before  the  National  Science  Foundation,  by  my  old  divinion  in  NSF 
cx)uld  only  fund  between  20  and  25  percent  of  those  proposals. 
About  50  percent  we  judged  as  being  really  fundable,  but  we  didn*t 
have  the  resources  to  do  anything  about  it. 

I  have  heard  this  morning  that  the  numbers  are  even  increasing, 
but  if  the  percentage  return  on  the  investment  of  time  by  people 
like  Dr.  Saltman  continues  to  be  so  low,  there  will  be  no  continu- 
ation of  that  effort. 

Ms.  BARDKE^:.  If  I  might  add  something,  too. 

I  think  we  feel  in  a  little  different  situation  because  we  are  not  a 
part  of  the  regular  education  community,  and  in  our  situation  we 
have  this  tremendous  resource,  but  some  of  us  at  the  grass  roots 
level  feel  that  what  we  need  is  some  leadership  from  Washington; 
for  example,  from  the  new  Secretary,  to  say  to  scientists,  yes,  this 
is  important  and  you  will  receive  reward,  not  necessarily  in  terms 
of  money  but  at  least  we  are  not  going  to  slap  your  hand  if  we  find 
out  you  spent  the  morning  at  a  school. 

So  when  we  talk  about  collaboration  and  cooperation,  perhaps 
there  are  ways  that  NSF  and  people  here  in  Washington  in  federal 
agencies  and  representatives  of  universities  can  get  together  to  em- 
power their  own  sUiff  to  do  this  kind  of  thing  and  to  say  that  the 
importance  is  such  that  we  are  all  going  to  work  together. 

It  will  only  succeed  if  you  have  people  at  the  grass  roots  level  to 
make  it  succeed,  but  they  need  the  encouragement  from  above  to 
try. 

Mr.  Brown.  1  have  no  further  questions. 

Mr.  Waix;rkn.  The  Chair  recognizi^s  the  gentle  lady  from  Mary« 
land,  and  at  some  point  here  1  have  got  to  come  to  grips  with  the 
fact  that  we  have  six  mort?  witm^es  and  45  n  lutes  in  which  to 
dispose  of  them,  and  I  apologise  for  si^ying  that  oi*cause  I  wanted  to 
recognize  you  first. 

Mrs.  MoHELLA,  Thank  you,  Mr.  Chairman,  Also,  I  have  another 
meeting  in  this  very  room  at  1:;10. 

So  this  is  the  kind  of  thing  that  gm^s  on  in  Cx^ngress,  as  you  un- 
derstand. 

I  couldn't  agn^e  more  with  what  you  have  said,  and  indeed  I 
have  already  scanned  the  testimony  of  the  teachers  that  are  going 
to  be  following  yeu.  too,  as  an  educator  myself. 

I  just  wanted  to  ask  Dr.  Saltman,  whert*  did  you  get  these  teach- 
ers from?  Are  you  working  with  the  creme  de  la  creme  of  teachers 
to  begin  with,  or— you  know,  I  think  that  is  

Dr.  Saltman.  1>o  you  want  me  to  Ik*  honest  with  you? 

Mrs,  MouKiXA.  I  want  you  to  be  honest  be^-ause  1  think  it  is  criti- 
cal to  where  we  go. 

Dr.  Saltman.  We  went  out  on  an  announcement  to  every  ele- 
mentary school  principal,  €*very  elementary  schw!  supc*rint4*ndent 
and  district  in  San  Diego  City  and  ('ounty,  and  we  Scud  we  are 
looking  for  HK)  tt^rritic  teachers,  and  you  know  how  many  applied? 
102.  And  we  took  them  all 

Are  we  creme  de  la  cr<*mo?  We  gave  no  compt^titive  exam,  no 
SAT  scores,  no  grades,  no  curriculum,  no  essays.  You  want  to  come 
play,  you  come  play. 

Its 
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I  wish  I  could  say  that  every  teacher  in  San  Diego  wantc»d  to  be  a 
part  of  that.  Thev  didn't  at  T-zero.  I  will  tell  you,  we  have  a  couple 
hundred  more  who  want  it  now.  They  said»  why  didn't  you  tell  me 
it  was  going  to  be  so  terrific? 

Mrs.  MoREXLA.  Well,  if  you  can  get  the  multiplier  effect  to  work, 
that  is  fine. 

Dr.  Saltman.  It  is  going  to  happen. 

Mrs*  MoREiXA.  But  you  see  your  difficulty  is  you  are  starting  off 
with  those  people  who  already  have  the  enthusiasm  and  under- 
stand what  teaching  is  all  about  and  that  some  of  the  others  that 
are  involved  in  the  classroom  that  really  do  

Dr.  Saltman.  I  wish  I  could  agree  with  you. 

Mrs.  MoRELLA.  Really? 

Dr.  SAL'raiAN.  And  you  know  what,  they  cared,  and  caring  is  not 
enough.  I  am  an  animal.  You  got  to  know  and  care. 
Mrs.  MoREUA.  Right,  right. 

Dr.  Saltman.  So  I  had  a  lot  of  caring  people  in  that  room  on  day 
one,  but  now  I  have  got  a  lot  of  caring  and  knowing  people,  and 
they  are  going  to  get  more  knowledgeable  and  more  caring. 

Mrs.  MoRKLLA.  Sure,  but  you  start  off  with  an  attitude,  an  atti- 
tude to  develop  to. 

Dr,  Saltman.  That  is  right.  They  were  willing  to  come  in  and 
play- 
Mrs.  MoRKLLA.  Absolutely,  So  you  are  going  to  have  to  also  con- 
sider moving  into  getting  the  other  teachers  who  have  our  kids  in 
the  classroom  to  be  so  injected  with  this  kind  of  enthusiasm  for  ex- 
cellence. 

Dr.  Saltman.  Give  me  five  more  yenrs.  I  will  have  (50  percent  of 
the  teachers  in  San  Diogo  in  hand. 
Mrs.  MoRKLLA.  Th^nk  you. 
Thank  you,  Mr.  Chairman. 

Mr.  Walgrkn.  The  gentleman  from  Iowa,  Mr.  Nagle. 

Mr.  Nagle.  I  appreciate  the  experience  you  had  with  the  basket- 
ball team.  I  sit  here  in  constant  dread  that  the  University  of  Iowa 
is  going  to  issue  a  recall  on  my  degree,  and  they  will  if  I  don't  go  to 
lunch  with  them  downstairs. 

But,  Dr.  Bell,  I  was  curious  about  your  testimony,  you  know, 
from  a  couple  of  aspects.  On  page  7,  you  said  **Last  year  we  looked 
with  hope  as  the  Division  of  Undergraduate  Education  was  estab- 
lished within  the  SEE,  and  we  were  at  first  enccmraged  by  the 
rhetoric  announcing  NSF's  plans  for  undergraduate^  education,  but 
a  closer  analysis  has  turned  the  hope  to  disappointment  and  finally 
to  dismay." 

Do  you  feel  that  there  is  a  lack  of  emphasis  in  NSF  on  the  types 
of  programs  that  we  are  talking  about  here  today? 
Dr.  Bell.  Yes. 

Mr,  Nagle.  And  tell  me  why  that  attitude  over  there.  You  have 
obviously  had  a  very  frustrating  experience  with  them.  I  think  I 
gather  that  from  your  testimony. 

Dr.  Beu^  Well,  I  had  a  frustrating  experience?  in  some  ways,  and 
it  was  a  very  rewarding  experience  in  others.  It  was  rewarding  be- 
cause we  did  put  tc^ether  prt^rams  at  the  precollege  level  which 
are  still  intact  and  with  the  kind  of  focus  which  we  have  heard 
about  here  this  morning. 
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I  am  frustrated  because  I  have  a  vost^^i  interest  in  the  coUegiate 
level.  I  am  a  collegiate  level  professor  myself,  ^us  Dr,  Saltman  Ib, 
and  we  have  an  interest  in  seeing  that  the  problemH  at  our  level 
are  also  addres^^. 

The  Neal  report  basically  lays  out— and  this  is  the  programmatic 
part—lays  out  a  very  reasomil  approach  with  resources  allocated 
to  a  whole  series  of  prt^ams.  types  of  prc^rams  that  will  revitalixe 
undergraduate  education  in  science,  engineering,  and  mathematics. 

The  Foundation  has  not  put  into  effect  most  of  thase  recommen- 
dations. There  is  an  instrumentation  program,  but  it  Ls  ilMundfii, 
There  is  a  faculty  enhancement  prc^am,  but  it  is  funded  at  about 
20  percent  of  what  it  should  be  actually  to  have  any  effect, 

Mr.  Nagijs,  Now,  is  it  a  question  of  good  programs  chasing  too 
little  money,  or  is  it  a  case  

Dr.  Bkll.  In  some  cxises  the  programs  have  simply  not  bin^n  al- 
lowed to  develop. 

Mr.  Nagle.  The  question  I  have  is  why? 

Dr.  Bell.  I  believe  that  that  is  a  management  decision  by  the  Di- 
rector, which  I  don't  agree  with,  that  has  taken  the  responsibility 
and  the  authority  out  of  the  SEE  dirtH:torate  and  distributed  it 
among  the  research  directorates  that  simply  jlUnjuipped  to  handle 
the  burden. 

I  think  in  fact  it  is  undermining  their  legitimate  and  appropi  iate 
role,  which  is  to  fund  research. 

Mr.  NAGiJi:.  Let  me  ask  you  to  step  on  the  other  side  of  the  table 
and  imagine  that  you  were  the  Dirt»ctor.  What  would  his  rationale 
be  for  justification  for  those  decisions,  and  why  would  his  rationale 
be  in  error  and  lay  out  the  arguments  for  me? 

Dr.  Bku-,  I  am  not  exactly  sure  what  his  rationale  is  I  think  the 
rationale  is  that  you  have  an  organiy^ition,  the  National  Science 
Foundation,  that  knows  something  about  how  research  is  carried 
out  and  it  has  an  expertise  in  that  area,  and  that  that  expertise 
can  somehow  be  translated  into  effective  programs  also  to  effect 
the  undergraduate  curriculum  for  the  undergraduate  educati<m, 
and  I  think  that  that  is  a  justifiable  argument  when  you  are  talk- 
ing about  research,  especially  when  you  are  talking  about  things 
like  undergraduate  research  and  research  at  undergraduate  insti- 
tutions, which  are  fundtni  and  are  funded  through  the  research  di- 
rectorates. I  think  that  is  an  appropriate  role  for  the  research  di- 
rectorates. 

It  is  when  they  come  to  thinking  about  curriculum  and  instruc- 
tion that  their  expertise  simply  isn't  there,  and  they  have  not  put 
together  programs  in  thc^^  areas. 

Mr,  Nagij*:.  I  don't  even  know  if  1  would  agree  with  the  under- 
graduate research  funding,  I  think  we  s;iw  some  studies  in  this 
committee  room  two  years  ago  that  indicated  that  it  was  in  fact 
one  of  the  impediments  to  undergraduate  progression,  progn^ing 
to  the  BA  or  the  MA  or  the  PhD  level,  was  the  fact  that  under- 
graduate research  had  he^n  cut  rather  dramatically. 

Dr.  Bell.  Well,  that  is  certainly  true.  The  undergraduate  re- 
search was  cut  of  course  to  ^ero  for  several  years.  It  is  now  back  in 
some  form.  I  don^t  agriH?  with  the  form  necessiirily.  The  form  tends 
to  favor  the  very  large  research  institution  as  a  carrier  of  these 
programs  rather  than—and  I  mvc*  ^  ^^'^ now  to  a  prejudice— the 
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relatively  snv  ;k>r  undergraduate  colleges  like  my  own.  where  a 
very  large  a  uunt  of  that  research  used  to  go  on,  but  now  we  are 
m  a  yery  uncompetitive  situation  because  the  demands  for  those 
grants— I  mean,  the  demands  for  the  projects  are  so  large  that  we 
can  t  carry  those  kinds  of  programs  out. 

Mr.  Naglk.  And  yet  if  I  remember  that  testimony  from  a  couple 
ot  years  ago— and  this  is  kind  of  as  an  aside— but  if  I  remember 
the  t^timony  from  a  couple  of  years  ago,  you  have  got  a  better 
chance  of  advancing  to  the  PhD  level  if  you  are  in  a  smaller  school 
than  you  do  if  you  are  in  the  ones  that  are  on  TV  on  Saturday 
afternoon. 

Dr.  Bell.  That  is  right.  The  statistics  are  all  in  favor  of  the 
smaller  colleges;  that  is,  the  percentage  of  their  graduates  going  on 
to  getting  advanced  degrees  is  larger  than  at  the  major  large  insti- 

;!r°"\T      *     certainly  true.  It  has  been  true  for  decades  now 

Mr.  Nagle.  Let  me  advance,  if  I  can,  then  because  the  Chair- 
man s  time  is  exceptionally  limited  here  and  he  has  been  very  kind 
to  me,  but  let  me  advance  a  hypothesis  if  I  could,  using  one  of  the 
few  scientific  terms  that  I  know. 

Dr.  Beiju  "Advance"? 

Mr.  Nagle.  "Hypothesis." 

Dr.  Bell.  Oh,  "hy^thesis."  [I^iughter.| 

"i.^*"\P^*?^V^^.°'?l**"°^-  ^  w^^'  ^^^^  ^«         "P  "advance,"  but 
hypothesis"  I  think  I  remember. 

But  let  me  ask  you  this. 

It  seems  to  me  that  the  direction  and  emphasis  of  the  NSF  in 
recent  years  has  been  on  quick  turnaround  research,  research  that 
will  lead  directly  in  the  applied  areas  as  opposed  to  seminal,  and 
that  we  are  looking  immediately  for  products  as  quickly  as  we  pos- 
sibly can  find  them  that  will  make  American  industries  more  com- 
petitive and,  going  to  that  end  of  the  scientific  research  schedule 
we  are  neglecting  a  whole  host  of  other  identifiable  needs. 

Would  you  agree  with  that  hypothesis? 

Dr.  Bell.  Yes. 

Mr.  Nagle.  Okay.  The  second  aspect  of  it  is  please  explain  to  me 
It  you  can-  and  this  rnay  not  be  answerable— but  not  only  have 
you  IcMt  tue  battle  at  NSF;  you  seem  to  have— all  of  you  seem  to 
have  drastically  lost  the  battle  with  the  Administration  on  their 
budget  submissions  for  this  year. 

The  thing  that  concerns  me  is  that  I  read,  for  example,  your 
predecessor  panel  s  testimony  about  our  rank  in  math,  science,  en- 
gineering achievement  of  high  school  students,  et  cetera,  our  need 
for  science  and  math  teachers,  the  absence  of  the  numbers  coming 
out  of  the  universities.  Public  opinion  will  drive  Congress  and  will 
drive  Admmistrations. 

Do  you  have  any  thoughts  about  how  we  change  public  opinion 
to  recognize  some  of  the  problems  that  you  are  identifying  here"' 

1  his  goes  to  a  very,  very  essential  area,  tht?  survival  of  our  econo- 
my and  our  nation 

I>.  Bell.  You  are  right,  and  i  don't  have  any  quick  fixes.  I  think 
that  IS  another  one  of  those  long  term— I  mean,  it  is  tlie  long-term 
aspect  of  research  as  well.  You  don't  expect  to  get  return  tomorrow 
on  your  investment  m  fundamental  research.  You  don't  expect  to 
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get  return  tomorrow  on  your  investment  in  science  or  any  educa- 
tion. You  expect  that  to  be  long  term. 

My  liberal  prejudice  is  that  over  the  long  term  better  education 
will  in  fact  make  a  difference,  but  in  the  short  term  somebody  has 
to  take  the  leadership  role  and  make  sure  that  the  appropriate 
kinds  of  education  take  place,  and  I  think  in  science,  mathematics, 
and  engineering  education  that  leadership  role  is  the  NSF's.  They 
are  the  ones  who  have  to  catalyze  that  kind  of  change. 

With  the  educational  system  being  hundreds  of  billions  of  dollars 
and  the  NSF  role  in  that  being  a  couple  of  hundred  million,  it  can't 
have  an  enormous  effect  overnight-  It  has  got  to  be  on  a  long-term 
basis.  It  has  got  to  he,  sustained. 

That  is  why  I  am  so  pleased  that  this  committee  and  Appropria- 
tions have  over  the  years  made  sure  that  that  kind  of  sustain!^ 
funding  is  there. 

Mr.  Walc;kkn.  I^et  me  ask  if  the  gentleman  might  pursue  further 
in  writing  or  something.  I  apologix^  because  I  am  stiir^ing  to  not 
treat  the  other  witnesses  fairly  that  are  yet  t«  come. 

I  want  to  expreas  my  appreciation  to  all  of  you  and  call  the  next 
panel.  Thanks  for  coming.  We  look  forward  to  ta!king  with  you  in 
the  future. 

Ix)ring  Goes,  Jo  Ann  Mosier,  ?*nd  Kathryn  Keranen,  if  you  would 
come  join  us,  and  I  want  to  invite  you  to  give  us  some  thoughts  in 
the  seven-minute  range,  I  think.  I  apologize  to  you.  You  are  the 
folks  who  deserve  the  apology  because  if  we  had  saved  some  time 
earlier  we  would  have  more  now. 

But  there  is  a  follow-on  hearing  in  this  room  that  is  going  to 
create  a  problem  for  us  in  a  little  while. 

So  let  me  ask  you  to  ^ivf  us  a  good  seven  minutes,  and  then  let's 
see  where  we  are. 

I^et's  start  with  Mr.  (3oes. 

STATKMKNT  OF  LOHING  l OES  HI,  MATHKMATK  S  CHAIRMAN, 
ROCKY  HILL  S(  HOOL,  (JRKENWICH,  Rl 

Mr,  C<)KS.  Thank  you  very  much.  Mr.  Chairman,  for  inviting  me 
here  today. 

My  teacheriy  instincts  remind  that  we  are  near  lunch  and  that 
in  order  to  preserve  the  audience  we  have  I  am  going  to  hit  one 
point  very,  very  hard  and  remind  everybody  that  I  h^.ve  made  a 
couple  of  other  points  in  my  written  statement. 

The  issue  I  would  like  to  talk  atout  is  the  stat^  of  elementary 
mathematics  and  science  education.  This  is  an  area  of  great  con- 
cern to  me  and  to  many  other  educators.  We  have  many  elementa- 
ry teachers  in  this  country  who  are  uncomfortable  with  mathemat- 
ics and  science,  who  have  relatively  little  training  in  those  areas 
and  olten  don't  like  teaching  those  subjects. 

That  is  a  serious  problem  for  us,  and  we  need  to  address  that 
right  now  and  produce  some  re^jrms  that  help  us  correct  the  situa- 
tion. We  need  to  identify  leading  teachers  at  the  elementary  level 
and  have  them  help  others  become  tetter. 

We  also  need  to  investigate  the  pcwssibility  of  turning  much  of  sci- 
ence and  mathematics  i^ucation  at  the  elementary  level  over  to 
experts;  in  other  words,  to  get  away  a  bit  from  the  single  teacher 
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classroom  that  we  have  grown  accustomf?d  to  and  to  perhaps  break 
up  the  elementary  day  mare  than  we  have  in  order  to  get  more  ex- 
pertise into  math  and  science. 

That  is  a  reform  that  is  popular  among  educaton?.  It  has  received 
a  good  amount  of  attention  in  the  literature,  and  it  is  something 
that  we  need  to  try.  It  is  something,  also*  that  the  National  Science 
Foundation  can  support,  and  it  would  be  a  good  idea  to  work  on 
this  very  idea. 

This  whole  problem  is  compounded  by  the  state  of  curricular  ma- 
terials at  the  elementary  level.  There  was  a  study  published  in  the 
Arithmetic  Teacher  in  September  of  1987  that  showed  that  the  four 
most  popular  textbooks  used  in  this  country  are  about  70  percent 
review  at  grades  4,  5,  B,  and  7.  In  other  words,  kids  at  that  level 
very  rarely  see  new  material,  new  challenging  material,  things 
that  might  interest  them. 

And  this  70  percent  figure  is  very  conservative.  A  page  was  con 
sidered  new  in  a  textbook  if  it  had  any  idea  or  any  scale  or  any 
term  or  any  piciuic  lhat  was  new  and  had  not  been  seen  before.  So 
the  70  percent  figure  is  quite  conservative. 

In  other  words,  we  spend  the  early  years  of  mathematics  educa- 
tion reviewing^  practicing  mechanical  skills  over  and  over  again, 
and  we  do  not  in  any  way  promote  the  kind  of  critical  thin^<ing 
that  we  need  to  have  students  develop,  and  this  is  a  critical  issue. 
We  absolutely  need  to  change  this  pattern. 

Now,  these  two  problems  that  I  have  mentioned  are  reiattnl.  In 
order  to  get  teachers  away  from  th^^  repetitive  textbooks,  we  need 
to  have  teachers  who  are  comfortable  teaching  real  mathematics 
and  real  science,  of  course,  ant  that  is  important.  If  we  don't  do 
that,  if  we  don't  win  this  battle,  we  will  not  win  any  others.  If  we 
can  start  to  produce  elementary  school  students  who  like  science 
and  like  mathematics  and  like  it  with  enthusiasm  and  want  to 
pursue  it.  then  we  will  start  winning  some  battles  at  the  upper 
levels. 

Too  often  we  have  found  that  kids  by  the  junior  high  level  have 
already  formed  their  negative  opinions  about  math  and  science, 
and  it  is  very,  very  difficult  to  change  their  attitudes  at  that  point. 

Let  me  shift  a  bit  and  talk  about  two  programs,  two  NSF  pro- 
grams, that  I  have  been  familiar  with  and  I  think  deserve  contin- 
ued attention. 

One  is  the  Woodrow  Wilson  Fellowship  Foundation  Program  in 
Science  and  Mathematics.  I  was  a  participimt  at  Princeton  Univer- 
sity two  years  ago  in  the  institute  there,  and  other  participants  and 
I  have  since  then  gone  on  to  offer  workshops  to  other  teachers 
around  the  country,  and  it  has  been  a  very,  very  productive  experi- 
ence for  me.  It  has  allowed  me  to  fight  the  stalene^  that  can  af- 
flict teachers. 

It  is  very,  very  easy  for  people  in  my  profession  to  go  stale,  to  get 
bored,  burn  out,  and  so  forth,  and  it  is  imiK)rtant  for  everybody  in 
my  kind  of  a  job  to  do  something  different  once  in  a  while  to  got 
recharged,  and  that  is  essential.  We  can't  economize  on  that  point. 

The  Woodrow  Wilson  Foundation  has  grown.  It  has  great  respect, 
is  afforded  great  r^pect  throughout  the  educational  community.  It 
needs  to  be  funded  by  NSF  and  by  private  industry.  Thrit  is  essen- 
tial. We  must  continue  this. 
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The  other  NSF  project  that  is  very  good  is  now  a  series  of  book- 
lets that  I  use  in  my  school  It  is  called  the  Quantitative  Literacy 
Series,  It  is  a  series  of  booklets  on  probability  in  st^jtistics  that 
brings  real  world  mathematics,  real  data  into  the  classroom  and 
allows  kids  to  see  what  mathematics  can  really  do. 

Too  often  in  our  high  school  mathei;:^atics  curriculum  we  are  in  a 
race  to  get  kids  to  calculus  as  fast  as  possible  and  in  pursuing  this 
goal  80  quickly  we  often  drop  out  much  material  that  is  of  great 
interest  to  kids,  and  we  need  to  stop  this  because  we  are  losing 
many,  many  students  along  the  way. 

We  have  prcxiuced  generations  of  people  in  this  country  who 
don't  like  mathematics,  who  fail  to  see  any  utility  in  mathematics, 
and  the  quick  trip  to  calculus  is  part  of  the  reason  for  that,  and  we 
need  to  get  real  daca,  real  analysis  into  the  everyday  classroom  of 
all  of  our  students. 

And  that  goes  hand  in  hand  with  our  need  to  get  technology  into 
the  cUiSfsrooms.  Students  need  to  be  conversant  with  computers  and 
calculators.  They  need  to  be  able  to  handle  these  things  in  a  busi- 
nesslike fashion.  We  must  do  this. 

I  am  confident  that  we  have  the  ability  to  solve  our  problems. 
Our  students  have  as  much  ability  as  anylxKiy  else  in  the  world. 
We  have  lots  and  lots  of  teacher  talent  out  there.  We  need  to  tap 
it.  We  need  to  encourage  it. 

We  also  need  to  be  happy  with  the  idea  that  education  is  a  long- 
term  investment.  If  we  improve  the  education  of  our  students 
today,  it  will  not  be  measurable  in  the  economy  for  years  to  come. 
We  have  to  accept  that  and  be  happy  with  that.  That  is  the  way  it 
is.  But  we  must  not  ignore  it.  If  we  do  ignore  it,  our  problems  as  we 
know  them  so  well  will  continue  to  grow,  and  that  cannot  happen. 
We  must  accept  the  idea  that  we  m^ed  to  invejst  time  and  effort  and 
political  power  and  whatever  other  power,  whatever  other  zeal  we 
can  find  into  this  deep  problem. 

Thank  you, 

[The  complete  prepared  statement  of  Mr.  Coen  follows:! 
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Thank  70U  {<x     opportunity  to  spMk  h«r«  today. 

I  >«ould  also  llk«  to  t&anlc  my  ccdlMgues  at  Rocky  Hill  School  and  in  tho 
Rbod*  Island  Mathematics  Teachers  Association  for  sharing  their  thougtits 
about  what  should  be  done  to  imprcve  mathematics  and  science  education 

The  National  Science  Foundation  has  played  a  pr<anin«it  role  in  the 
current  refom  of  h^  schocd  science  and  mathematics.  NSF  has  provided 
some  excellent  teacher  training  and  teacher  enhancement  programs,  and  has 
helped  to  develop  some  highly  productive  curricular  materials. 

I  win  not  summarize  the  reports  that  prove  the  need  for  reform  Ibft 
Mathematics  Iteport  Card  and  The  Science  Report  Card  both  give  ample 
evidence  that  we  have  failed  to  t^ch  the  skills  of  math  and  sdeaco  very 
w«ll,  and  that  we  have  al^  failed  to  nurture  the  curiosity,  the  spirit  of 
discovery,  and  the  lov«  of  learning  that  are  essential  to  the  healthy  growth 
of  science!  The  National  Res^ch  Council's  recent  report.  Eygrybody  CgUDtS, 
also  provides  excellent  commen*ary  on  our  failures  in  mathematics 
education.  The  picture  is  t>leak. 

We  need  to  change  our  goals  and  our  teaching  metho(te.  The 
traditional  h^  school  mathematics  currlcuhmi  is  designed  to  get  the 
brightest  students  to  calculus  as  quickly  as  pos^ble,  because  calculus  is  the 
language  of  sdence  and  engineering.  In  doing  so,  however,  wetiave 
8tripp«d  away  from  «any  h^  sdiool  math  a  great  deal  of  material  that 
would  capture  the  interest  of  students  and  that  would  allow  mathematics  to 
mke  better  sense.  To  get  to  calculus  by  the  senior  year  of  high  school, 
students  must  master  a  large  body  of  abstract  skills  whose  real  value  is 
rarely  apparent  To  the  Algebra  I  stwlent  we  can  only  say,  "Youll  need  this 
skiU  m  A^ebca  II/  and  to  the  Algebra  11  student  we  say,  Toull  need  this  in 
pre-<alculu8,'  and  in  jaw-calculus  we  say,  "YouH  need  this  neit  year,"  The 
bewlhtored  student  who  asks,  "When  am  I  ever  going  to  use  this?'  is  asking 
a  very  good  question.  S«ne  teight,  hard-wwklng  students  who  like  puzzles 
thrive  in  this  kind   system,  tfiit  there  are  plenty  of  bright  people  for  whom 
Ujis  system  semas  a  dead  end.  When  and  If  a  student  <U>es  get  to  calculus, 
there  are  many  interestii^  real-wwid  problems  to  solve,  but  we  lose  far  too 
many  students  along  the  way. 

For  our  average  stJKlents  across  the  country  we  tiave  offered  a  slowed 
down  and  watered  down  ver^on  of  the  same  program.  Although  they  may 
not  take  calculia,  we  stm  get  them  ready  for  it  These  student*?  will  also 
have  to  wait  for  the  next  course  or  for  a  career  in  engineering  to  see  the 
value  of  what  th*y  study. 
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-^«.5L  *  oon-coll«ge  bound  students,  w  offer  twlw  years  of 

©Itluiietic  Prom  mj  o^  -a  observations,  a  shocking  number  of  our  num 
9^1  semors.  If  they  aave  not  dropped  mathematics  already,  are  atttus 
v«7  minut»practidng  addition,  suWxactSon.  multipUcatton  ami  division  of 
vmote  numbers  witu  paper  and  pendl  Their  experience  vnth  math  is  one  of 
mmd-numtog  repetition.  TlM»y  are  doing  so  because  of  their  ongoing  failure 
Si^^^  evidence  thSKpohcy  IS 

Rarely  m  these  traditional  courses  do  students  see  math  in  its  real 
conteatf.  Where  is  is  a  powriul  tool  to  solve  real  problems.  Weteachand 
preach  meclumicalsklU  at  tlieeapense  Of  critical  thinking  AaHymt^ers 

might^^tl»^fnr 

"SlS'iS^II^ ^«!U*'''*'LT  Of  Where  tJ»  tkiU  might 

to  ejjject  quick,  dean  answers  to 
t««»ook  problems,  and  this  leaves  them  frustrated  when  forced  to  deal  with 

real  problems  requlrlflg  clear  thinking  tairough  many  steps. 

WeMoeedtotuni  our  emphasis  to  solving  real  problems  that  haw 
^ueand  intw est  to  students.  In  that  real  cont^it^  can  motivate  the  Ss 

that  iwd  to  catoUus  and  beyond.  This  makes  good  pedMogical  sense  wT^ 
^U^UmJUl^c^t.nm^Un«^^^  andxiallSSV^ 
critical  and  aeativeOilnklng  by  doing  just  that  k  vw 

W»  also  need  t»  reform  our  teaching  methods.  Tra<atlonalIy  the  math 
d^oom  sees  a  teacher  at  the  Chalkboard  explaining  new 
«^pies  whUe  students  watch  and  l»^uUy  rememb^.  Th«  teacher  Is  tte 
«q«ain«r;  the  student,  the  repeater.  UtedeJr  t»  me  that tto 

^^^^"^VSI^^  m^t>»ml»<t^tos8o,Bwhe.»S^ts 
«eacttv^y  tav^  ia  the  process  of  dohig  mathematics,  looking  t^^^ 

•troTB.  That  is  the  way  mathtmattes  reafly  operates 

^f^lS?*^*^"'^°*«®««^l^"»y  own  Writ.  lal^idedthe 
3Sf  <m  High  Scho<^  MatheWtica  in  the  s^^f 

I9J7  at  fttoceton  mv^tf.  (While  my  ii»tttnte  was  evldenS^Sted 
Jaj««ly  by  i»ivate  industry,  the  s^  Instltutee  in  diemistn'  <*id  nhVBics 
wwe  funded  by  »SF.)  ItwMthenKJststlmulatlnRpi^as^eaS?^  I 

^^^^^^SL'^W^*^^  mathematicians  and  educatwrJ^The 
f«8aJt  was  a  conectJon  of  n^currtcular  material  dej^ned  to  bring  the 
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freBhn«98  of  ttoe      vwld  into  our  daswooms.  We  devtlopwl  matwlal  oa 
toe  maUiemaUcs  of  sports,  of  hi^way  traffic,  of  selling  pizza,  and  of  many 
otlier  sut^ects  It  is  important  to  understand  tHat,  in  providing  real 
problems  liJte  taese,  w&  are  not  making  tlie  matnematics  <Mswftr  or  less 
aopMsticated.  Tlie  mathematics  in  these  lessons  was  as  complex  and 
challenging  as  any  in  any  traditional  program 

Perhaps  the  best  thing  alx>ut  the  Woodrow  Wilson  Institutes  is  that 
they  do  not  stop  Participants  in  the  Princeton  summer  programs  are 
charged  and  funded  to  go  out  and  teach  other  teachers  what  they  have 
learned,  itisaproductiveway  to  get  the  message  to  many  people.  It  is 
essential  to  develop  a  new  tradition  m  which  teachers  learn  new  skills  and 
renew  their  own  commitment  to  teaching.  Teaching  is  a  profession  where  it 
Is  very  easy  to  go  stale,  and  the  NSF  institutes  Have  played  a  fine  role  in 
countering  this  problem.  They  must  continue,  and  we  must  try  to  eiqxand 
these  efforts  to  reach  m<»'e  people 

My  school  has  just  adapted  The  Quantitative  Uteracv  Series,  a  set  of 
four  t>ooklets  for  high  school  students  <m  probability  and  statistics  first 
developed  through  an  NSF  grant  We  tove  woven  this  material  into  our 
average  college-bound  algebra  program  at  Rocky  HiU.  The  statlsLcs  material 
motivates  the  algebra,  and  the  algel^a  supports  the  InvestigatKms  into 
statistics.  It  has  proved  to  be  a  productive  and  interesting  ei5>erience  for 
our  students  and  for  our  taachers.  We  plan  to  continue  to  use  this  material 
and  to  ea5>enment  with  the  particular  techniques  we  use  to  teach  it 

Implementing  changes  like  these  on  a  twoad  scale  is  difficult  Plenty  of 
teachers  are  reluctant  to  change  and  to  experiment  Many  teachers  are 
discouraged  from  reform  and  ea^erlmentation  by  rigid  curricular  guldeUnes. 
It  has  been  patof  ufly  slow,  for  esample,  for  this  country  to  get  available 
technology  into  the  classroom,  although  it  is  crystal  clear  that  technology 
mast  be  in  the  classroom.  It  is  essential  far  scho<^  administrators  to  be  key 
agents  of  change.  And  aU  tfia<a»rs  and  administrators  are  aware  of  testing 
results  and  must  in  some  way.  answer  to  town.  And  so  it  is  dear  that 
reform  in  schools  will  require  reform  in  the  Whole  process  of  assessment  It 
is  vital  that  NSF  and  every  one  in  a  posdtton  of  leadership  actively  la-omote 
the  reform  of  testing.  Our  wwld  is  changing  rapidly,  and  education,  always 
slow  to  respond  to  anf  change,  must  try  to  do  a  t>etter  job  in  promoting 
what  our  dtlzens  reaUy  need  to  know.  The  National  Council  of  Teachers  of 
Matowaatics  (NCTM)  has  for  years  advocated  the  use  of  calculators,  and 
calculators  are  ubiquitous  in  business  and  Industry.  t«iJ^iaaere  is  not  one 
major  test  1  know  of  involving  these  machines.  By  far  the  best,  most  far- 
reaching  set  of  guidelines  for  us  to  use  is  contained  in  CtfrtWlMBairf 
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Aswssmant  Standanis  for  aaooi  Maowmaties  an  ov«fvtowor  wMc& 
accofnpantas  tills  docunmit  The  standards  to  he  puMishad  tn  Apiii  by  mm> 
liatt^tal  Council  of  T«^«rs  ol  Mat2i«matics.  tQak»  up  a  r^restung  docuxowt 
drtvM  t>7     s«4Ki  to  make  b^SM- tmnkm  «r  our  stu<^ 
valuo  of  mattiMBatlcs,  and  to  txii^  matamnatics  eOucatkm  in  line  'Mtb  th« 
tocbnologlcal  nature  (tf  our  mo^m  world.  Tte  Standards  already  enjoy  the 
tcoad  ai|^»rt  of  mo6t  tMc^Ms  vmo  bave  seen  tbe  draft  v«rs^ 
unlike  tberao^tongl^  New  Matb  many  years  ago.  Hie  standards 
n^esent  a  grass  roots  rer<m  movwnMt  of  mat&emattcs  teac&^fs  and 
educatl<»  researdiers,  and  tbey  deserve  tne  suj^port  of  {xditicai  and 
industrial  leaders. 


One  ma)<Mr  prot^mn  we  must  address  is  tlje  state  <tf  elesmitary  science 
and  fflati)'"mtics  education.  Many  elnnentary  whool  teachers  nave  only 
minimal  training  in  matliematlcs  and  science,  and  {Henty  of  these  peo{^ 
would  rather  n<^  te^  these  subjects  if  given  a  choi^.  Tet  our  system 
demai^  that  all  ^ementary  te»A^  cover  aU  thie  sublets  in  addition  to 
givlt^  tlw  ema  personal  attesttoa  that  aU  youi%  children  need. 
CompMmdUQ  this  ^o^m  is  the  f^KtttmttlM  content  of  tr^ttotal 
elementary  teitbooJts-and  hence  the  d^/scip  currtculum-ls  dull,  boring. 
mKhallMglf^  md  <mly  marginally  awire  d  tedmrttogy.  ""r  ^1g*ntfflf 
ItSfills  of  September,  19d7  reported  that,  m  the  upper  elementary  grades 
the  most  poi^Jar  teitbooks  were  70S  review.  (In  this  ^iKty,  a  page  was 
omislderednewtf  it  contained  Iff/' new  topic,  ^clll,  or  vocabulary.  TheTOX 
figure  is  conswvatlve.)  Only  rarely  do  young  students  see  new  ideas,  and 
flMStof  t2»lr  tinnr  tef^tfff^sKtisiiQ  old  me<±ani^  skllte.  The  first  years  in 
mathematics— the  mo^  important  «ws  for  nuffit  pe<^>!e~are  not  good  ones, 
native  attitudes  about  maOiemattes  and  sdef^e  are  qpawned  iMre.  and 
tlMse  attitudes  ar(>  tenadous.  I  wast  to  make  it  dear  tt»t  my  criticism  of 
tbeeducatiooal  ^f>8^  not  «rt2»  teachers.  Elementary  teedrars  are  simpty 
e^Mctedtomffitertoomudt  ^Mdallsts  in  math  and  sdeece,  peo]^with 
sidU  and  Mthu^lasm  for  tt^se  dibjects.  vtmA  help  tHe  psK^ton  a  great  deal. 
We  «^  pertops  lui5n»  to  sacrifice  soflw  ol  the  emotional  b(»KUi%  in  the 
single-tescim- dassnxHS,  but  I  b^eve  It  is  necessary  to  do  so. 

Teachers  at  that  level  are  puUed  in  many  different  directions.  Few  of 
th«&  )>9k^  to  Mganlsattois  like  the  Rational  Q>uncil  of  Teachers  of 
Mathematics,  and  hence  Uiey  are  hard  to  reach  with  meesa^M  of  reform. 
MSP  has  funded  some  etomentfoy  ^fyyrk^noge  and  research  projects,  but  here 
an  area  where  I  b^ve  the  effort  really  must  be  increased.  If  we  do  not 
wtn  this  battle,  we  win  not  win  aiDv  others.  At  the  end  d  my  summer  at 
Prinotten,  the  participants  were  a^ked  what  topic  should  be  treated  for  the 
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summer.  S«n«  of  us  sugg«^»<l  middiit  sdiod  mat&einatlcs,  andvm 
vnre  told  tliat  it  was  cUfTicult  to  g»t  fundi&g  for  projects  deaUr^  v^itn  young 
students.  Evidently  it  is  relatively  easy  to  find  funding  for  uniy^ty 
projects,  less  so  for  secondary,  and  dovmright  difficult  for  elementary 
projects.  This  must  be  changed.  We  must  reach  students  in  their  formative 
years.  We  must  accept  and  be  happy  vith  the  idea  that  education  is  a  long- 
term  affair  where  positive  results  can  only  be  obtained  after  many  years  of 
effort  There  are  no  quldc  ansviers,  and  I  think  w»  all  know  that  this  is 
true. 

Can  we  solve  our  problems?  I  am  optimistic  about  our  ability  to  do  so. 
We  need  to  show  that  we  have  the  national  will  to  do  so  I  know  that  our 
students  have  as  much  raw  talent  as  any  students  in  the  world.  1  also  know 
that  we  have  enough  teaching  talent  to  make  the  changes  we  need  to  make 
We  need  to  have  the  government's  help,  through  NSF  and  other  ^{encies,  in 
showing  our  teachers  and  schools  that  oiere  can  t>e  useful  reform.  It  is 
important  that  teachers  be  empowered  to  eapwlment  about  better  ways  of 
doing  their  jobs  school  administrators  must  make  this  happen.  This  is 
essential  to  the  self-esteem  of  any  professional  and  to  the  battle  against 
staleness  that  all  teachers  face 

It  is  essential  for  us  to  remember  one  more  point  Your  support  of 
mathematics  and  science  is  vital,  but  we  cannot  neglect  the  Englisb  tochers, 
the  history  teacher  s.  the  langu^e  teachers,  and  all  the  oth^  specialists  in 
my  profession.  The  Presidential  Award  which  has  brought  reso'irces  and 
distinction  to  me  ai%  should  be  started  for  other  spedalties.  None  of  us 
w<Mlesinavacuum.  My  students  need  to  read  and  write  well  to  learn  in 
OTder  to  learn  mathematics  w<^.  Hlstny  students  need  matiiematics  to 
underhand  the  economic  forces  in  the  w^d.  While  the  most  obvious 
e^utton  to  our  t»chn<^<^cal  d^idtis  to  pump  support  into  math  and  sdence 
education,  the  best  80luti<»i.  and  the  most  lasting  one,  will  he  to  supportall 
elemnits  of  the  educational  community  with  all  the  resource  and  all  tlw 
zeal  we  can  find. 

Thank  you 
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INTROmiCTlON 


BacitgFaand 

Tbtse  stattdartlj  9tt  one  facei  of  tKe  maiHcmatkrs  eduoittoii  cammuniiy*s 
mi»iisc  10  Ihe  ctU  for  reform  in  tht  teaching  and  learning  of  maihcmatics^ 
They  reflect,  wtd  tre  an  extension  of,  the  commwniiy'i  response*  to  those 
demands  for  chanflc.'  Inherent  in  ihb  documeni  is  a  mnsemus  thai  nit 
students  need  lo  learn  more,  and  ofiea  different,  mathematici  and  that 
inMruciion  in  mathemaiia  must  be  significantly  revived. 

As  a  function  of  NCTM's  leadef«hip  in  current  efforts  to  reform  &cHool 
mathematics,  the  Commiwion  on  Standards  for  School  Mathematics  wm 
established  by  the  Board  of  Dtrecton  and  charged  with  two  tasks 

i     Oeate  a  coherent  vision  of  *vhai  it  means  to  be  malhefnaiically  liierute 
in  a  world  that  relies  on  caiculators  and  computer?  to  carry  out 
mttbemaiica!  procedures,  and  in  a  world  where  mathemaiic*  is  rapidly 
growing  and  is  extensively  being  applied  in  diverse  fields 

3     Create  a  set  of  standards  to  guide  revi^icn  of  school  mathematics 
curriculum  and  associated  evaluation  toward  this  vision 

Ihc  Working  Ciroups  of  ttie  C  ommission  prepared  the  Standards  in  rcsponst  lo 
this  charge 

Key  terms  used  in  the  development  of  this  document  include: 

Cu^nrulum.  A  curriculum  i%  an  opr rational  plan  for  instruction  that 
details   what  mathematics  students  need  to  know,  how  students  ate  to 
achieve  ihii  identified  curricu^ar  goals,  what  teachers  are  to  do  to  hrlp 
students  develop  their  mathematical  knowledge,  and  the  context  in  which 
learning  and  teaching  occun.  In  this  contcat.  the  term  describes  what 
many  would  label  as  the  '*intew^d  curriculum,-  or  the  "plan  for  a 
curriculum  ** 

fra^MzfiM.  Staitdards  have  been  articulated  for  evaluating  both  student 
performance  and  curricular  programs,  with  an  emphasis  on  the  role  of 
evaluative  nieasures  in  gather iitg  information  "pon  which  teachers  can  base 
subsequent  msiructum  71ie  standards  also  acknowledge  the  value  of 
gathering  information  about  student  growth  and  achievement  for  research 
and  administrative  purposes 


*  See  A  Nmtm  at  Rnk  tf^ational  Commission  on  Excellence  in  Fducation, 
1983),  or  Efiitaamg  Amencofts  /o/  iht  2iu  Cfrjur^t  ^National  Science  Board 
Commission  on  PrecoHege  Education  in  Mathematics,  Science  and  Technology, 
1913). 

*  Whm  is  Fmdamemal  onrf  Whm  ts  Noi  (Conference  Bcmrd  of  the 
Mithcmatica!  Sconces.  l9S3a);  New  (hois  /of  Maihtmattcal  Satncei  Ed^tuum 
fCosfcrcnce  Board  of  the  M8themBt»n»l  Scief»c«,  l9«3hX  and  Schtn^ 
MmHtmana:  Optfsms  for  thf  f990'i  (Romberg^  I9S4). 
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Stmiord,  A  Standard  is  »  sfatf    n«  .  lai  can  be  used  lo  judge  the  qualify 
of  a  milhemaiirs  curriculum  or  r*     ods  of  evaluation    Thus*  standard!;  are 
statements  about  what  is  valued 

Thv  Need  for  Standards  for  School  Mathemattn 

For  NCTM  the  developmcm  of  standards  as  stateivients  of  criteria  for  excellcnre 
in  order  to  produce  chan8<^  was  our  focus.  School!;,  and  in  particular,  school 
msthe matter,  must  reflect  the  important  cotisequeaces  of  the  curiem  refotm 
movement  if  oar  students  are  to  bt  adequately  prepared  to  live  in  the  2lsi 
century.  The  standards  should  be  viewed  as  facilitators  of  reform 

The  Seed  for  New  Coah 

Our  vision  of  mathematical  literacy  is  based  on  a  reexaminaimn  of 
educations)  goals.  Historical) y«  societies  have  established  schools  to 

transmit  aspects  of  ihf  culture  to  the  young,  and 

direct  students  toward  and  provide  them  with  an 
opportunity  for  self- fulfillment 

Thus*  the  goals  all  schools  try  to  achieve  air  both  a  reflt'ciion  of  the  needs  of 
society  and  the  needs  of  students 

Cfllis  for  reform  in  school  mathematics  suggest  that  new  goals  are  needed.  All 
industrialized  countries  have  experienced  a  shift  from  an  industrial  to  an 
information  society,  a  shift  that  has  ti ansfor med  both  the  aspects  «f 
mathematics  that  need  to  be  transmitted  to  students  and  the  conctntr  and 
procedures  they  must  roasfr  if  ihey  are  to  be  self-futfiHed,  productive  citizens 
in  the  neat  century. 

The  informmwn  SiKiety.  This  social  and  economic  shift  can  be  attributed,  at 
least  in  part,  to  the  availability  of  low -cost  calculators,  computers,  and  other 
chnology.  The  use  of  this  technoloay  has  dramatically  changed  the  nature  of 
.  physical,  life,  aini  social  sciences;  business;  industry;  and  govcrnmeiit. 
V  V,  the  pace  of  economic  c^nge  is  being  accelerated  by  continued 
f-',  nation  in  communications  and  computer  technology, 

/;ew  Societal  CTcvj/j.  The  educational  system  of  the  industrial  age  does  not  meet 
the  economic  needs  of  today.  New  social  goah  for  education  include:  (I) 
malhematicajly  literate  worker?,  (2)  lifetcMsg  ^rning,  (3)  opportunity  for  all, 
a&d  (4)  an  informed  electorate.  Implicit  in  these  goals  b  a  school  system 
organizrd  to  serve  as  an  important  resource  for  all  citizens  throughout  their 
lives. 

MmhemoticaUy  literate  warker$.  Businesses  no  longer  seek  workers  with 
strong  backs,  clever  hands,  and  *sbopkeep„-r*  arithmetic  skills.  In  fact,  it  is 
cUimed  that  the  *mo%x  significant  growth  in  new  jobs  l^tween  now  and  the 
year  2000  will  be  in  fields  requiring  the  mo^t  education"  (Lewis,  1988,  p  468) 
Henry  FoUak  (2987),  a  noted  industrial  mathematician,  recently  summari^  the 
mathematical  expectations  for  new  employees  in  indusiFy: 

the  ability  to  set  up  problems  with  the  appropriate  operations; 


lb';; 
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kaowMge  of  t  wmy  of  techaiques  to  ipproach  and  work  on 

tiadefvtAadiiii  of  i^  «wktlyiiit  matfcwniiical  fcit»i«  of  a  problem; 
tbe  ibUity  to  w<rt  witb  otters  oa  pn^lcmt; 
^  iWUiy  10  lei!  the  twilKibaity  of  mafWemiiical  idew  lo  common 
and  comf^K  pfoblems; 

pfvptntJOS  for  open  probtera  sttiwlnms.  Moce  mow  real  prpblema  ti« 

DOt  well  fomniited;  and 

beUef  in  the  utility  and  value  of  mathematics. 

Notice  tlw  diffet«fice  bertreen  the  tkilU  and  training  inherent  in  these 
expc:natkmf  ind  those  acauiivd  hy  ttudents  working  independently  to  solve 
exi^kit  aett  of  driU  Md  prwrtice  cae         While  mathematics  a  not  taught  m 
achoolf  solely  io  students  can  get  filtm,  we  are  ccmvinced  that  m-school 
cxpcrieacet  reflect  to  some  ewent  those     today's  w^place. 

LiM(m$  komm.  Employmenf  counselors,  cognizant  of  the  rapid 
chaima  in  technology  and  employment  patterns,  are  cUimmg  that,  on  tveragt, 
workers  wiU  change  jobs  gt  Vuax  fooi  to       tioMW  donng  the  nest  25  years, 
nod  ttort  each  job  will  r«quiie  rttiaining  in  cwwnwnicatKin  skills.  Thus,  a 
Ikail^  workforce  capgbte  rf  Ufekmg  learning  is  requir^  this  implies  that 
school  mathemtica  must  emjrf»si?e  g  dynamic  form  of  literacy.  Problem 
wrtving-^whkh  inclwtes  the  ways  to  which  probie«»  are  represented,  the 
BKanings  of  the  tenguage  of  mathematks.  and  the  waya  m  which  one 
conjectures  and  leasow-^must  be  ceniial  to  schooling  so  that  students  can 
eiplort.  ciwtc,  accomnwdaie  to  chan^  conditions,  gnd  actively  create  new 
knowtedge  over  the  course  of  their  liv«. 

Op^tmiiy  lor  alL  The  social  injustices  of  past  schooling  practices  can 
no  longer  be  tolerated-  Current  statbiics  indicaie  that  those  who  study 
advanced  mathematics  are  most  trfteo  white  males.  Women  and  roost  mimirities 
study  1*83  mathematics  am*  are  sertoujdy  undefxepresentwl  m  careers  utiiuing 
science  and  technotogy.  Creating  g  just  society  in  which  women  and  various 
ethnic  groups  enjoy  equal  opportunities  and  equitable  treatment  is  no  longer  an 
issue   Mathematica  hm  become  a  critkal  filter  for  employment  and  full 
participation  in  our  sockty.  We  cannoi  affcMd  to  have  the  majority  of  our 
pc^Niiation  mathefl»tiCTlly  illiterate:  Equity  has  become  an  economic  necessity, 

/n/oriwrf  flectarase.  In  a  democratic  country  in  which  political  and 
social  decisions  iovtrfve  iacreastDgly  complex  technical  i^uet,  an  educated, 
infonned  e^ctoraie  is  CTiticgl.  Current  issues-such  as  environmental 
pn>fection,  nuclear  eneny.  defense  «l*»*f«8' 

involve  many  interrelated  questions.  Their  ihoaghif ul  rtsoluimn  «qu»rts 
technoh«ical  knowledge  and  undeiafanding.  In  paritcular,  ctuiens  must  be  able 
to  read  and  interpret  complex,  and  aouwtimea  confJicttng.  information. 

to  summary,  today's  wxiety  eapects  schools  to  insure  thai  all  students  ha^  an 
opportunity  to  become  nwthematically  literate,  are  c»i»ible  of  eatendmg  their 
karniog,  have  an  equal  opportunity  to  k»rn,  and  become  informed  ciimns 
capabto  of  undef3tonding  issues  in  a  technological  society.  As  society  change*, 
so  must  its  schools. 

New  Coais  far  Studem^.  Educational  gc»H  for  students  must  reflect  the 
importance  of  mathematical  literacy.  Toward  this  end,  the  Si^mdardu  K^12. 
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ariiculale  five  scneral  gv^^is  for  all  siudfnis    (U  thai  they  learn  to 
malhemaiics.  (?)  that  they  become  confident  in  iheir  ability  to  <lo  mathemaiics. 
O)  thfti  ihey  become  mathcmaiical  problem  solvers.  (4)  thai  they  learn  to 
commufikate  nuathemattcally.  and  (5)  that  they  learn  to  reason  mathematically. 
The  currkuium  should  be  permeated  ^ith  these  goals  and  experiences  such  that 
they  become  comnrnnpJace  in  the  lives  of  students.  We  are  convinced  that  if 
students  are  txpos^  to  the  kinds  of  experiences  outlined  in  the  Sfandard^^  they 
will  gain  mmhemaiical  power.  This  term  denotes  an  individuars  abilities  to 
explore,  conjecture,  and  reason  logically,  as  well  as  the  ability  to  use  a  variety 
of  mathematica)  methods  effectively  to  solve  nonroutine  problems.  This  notion 
is  based  on  recognition  of  mathematics  as  more  than  a  collection  of  concepts 
and  skills  to  be  mastered;  it  includes  methods  of  investivating  and  reasoning, 
means  of  communication,  and  notions  of  context   In  addition,  for  each 
individual,  mathematical  power  involves  the  development  of  perKinal  self- 
confidence. 

Lfarmrtg  to  value  mmhcmaitcs.  Students  should  have  numerous  and 
varied  experiences  relattd  to  the  cultural,  historical,  and  scientific  cvoluuon 
mathematics  so  that  they  can  appreciate  the  role  of  mathematics  in  the 
dev-clopment  of  our  contemporary  society,  and  explore  rclatfonships  among 
mathematics  and  the  disciplines  it  serves:  the  physical  and  life  sciences,  the 
social  sciences,  and  the  humanities. 

Bi'Ctminj^  conftdcni  /n  ont  ^  own  abiltH'.  As  a  result  of  studying 
mathematics,  students  need  to  view  themselves  as  capable  of  using  their  growjpjj 
mathematical  power  to  make  sense  of  new  pioblem  situations  tn  the  world 
around  them.  To  some  extent,  everybody  is  a  mathematician  and  docs 
mathematics  consciously   To  buy  ai  the  market,  to  measure  a  strip  of  wallpaper 
Of  to  decorate  a  ceramic  poi  with  a  regular  pattern  is  doir4g  mathematics. 
School  mathematics  must  endow  all  students  wuh  a  realization  that  doing 
mathematics  is  a  common  human  aciiviiy.  Having  numerous  and  varied 
experiences  allows  students  to  trust  their  awn  maihematical  thinking. 

Becomiftf^  a  mcuhcm^iticai  prohhm  stfhvr,  Oevclopment  of  each  student's 
ability  to  solve  pnjblems  is  essential  if  he  or  she  is  to  be  a  productive  citizen 
We  strongly  endorse  the  first  recommendation  of  4n  Agenda  for  AcUm 
(National  Council  of  Teachers  of  Mathematics,  1980)   'Problem  solving  must  be 
the  focus  of  school  mathematics*  <p.  2).  To  develop  such  abilities,  students 
need  to  work  on  problems  that  may  take  hours,  days  and  ev«n  weeks  to  <»olve. 
Although  some  may  be  relatively  simple  exercises  (o  be  accomplished 
independently,  others  should  jnvolve  small  groups  or  an  entire  class  working 
cooperatively.  Some  problems  alw  :»hould  N  open-ended  with  m  right  answer, 
or  need  to  be  formulated 

Lmtmng  to  commumcaie  mathvrmUicail y    Development  of  a  student's 
piiwer  to  use  mathematics  involves  learning  the  signs,  symbols,  and  terms  of 
mathematics.  This  is  best  accomplished  in  problem  siiuafiims  in  whkh  students 
have  an  opportunity  to  read,  write,  and  discuss  ideas  in  which  the  use  of  the 
language  of  maihemaiics  tjecomes  natural.  As  students  communicate  their  ideas, 
ihey  learn  to  clarify,  refine,  atid  consolidate  their  thinking, 

l.t'urnmi^  io  n>a^(m  maihvmaitcuiiy.  Making  conjectures,  gathering 
evidence,  and  building  an  argument  to  sup|K>rt  such  notions  are  fundan>enlal  to 


16  V 


162 


dtoing  mAthcmttics.  In  fact,  deinonitrmttoii  of  good  reasoning  !^houl<l  be 
rewaitted  even  more  thas  studenis*  Ability  to  fisd  correct  answers. 

iB  tumwary,  tfee  inteBt  of  U»se  goals  h  that  nuftents  will  fcrnwue 
mat>»fna!icaiiy  Uttrme,  Thtt  term  llenotes  an  individual's  ability  to  explore,  lo 
coaiectsre,  and  to  reason  logically,  as  well  as  to  use  a  variety  of  mathematk^l 
methods  ^cctively  to  solve  problents.  By  becoming  literate,  their  matiwmaf  ical 
power  should  develop. 


Ah  Oftrfiew  of  the  Cwriatium       E*aJuait(m  Siantiardi 

There  are  54  standards  divided  among  four  categoric  grades  K-4,  $-1,  9-12, 
and  f  valuation.  The  four  categories  are  arbitrary  in  that  they  are  not  intended 
10  reflect  school  structure;  in  faci^  we  encourage  readers  to  consider  these  as 
K-12  standards.  In  addition,  wc  believe  tha  similar  stamfards  need  to  be 
developed  for  both  pre-school  programs  ai^i  those  beytnid  high  school 

It  was  our  tnk  to  f»repare  the  curriculum  ai»d  evaluation  standarcb  that  reflect 
our  vision  of  how  the  socktal  and  student  goab  alreiuJy  articulated  here  could 
be  met.  These  standarib  should  be  seen  as  an  initial  step  in  the  lengthy 
process  of  bringing  about  reform  in  sclml  mafhematics, 

rAe  fvaliiatiim  Standards,  The  evaluation  standaids  are  presented  separately 
not  because  evaluation  st.ould  le  separated  from  the  curriculum,  but  because 
planning  for  the  gat**  -1^9  *   *  'idfence  about  stutient  and  pn^nm  outi^mes  is 
different. 


Such  are  the  background,  the  genera!  focus,  and  the  intent  of  our  efforts.  It 
is  n^iw  left  10  each  of  you  is  concerned  with  the  teaching  and  learning  of 
mathematics  to  read  the  Simdards,  to  share  them  wiih  colleaguta^  and  to 
refifct  on  their  vision.  Consider  what  needs  to  be  done  and  what  you  can  do, 
and  collaborate  with  others  to  plan  and  implement  the  Standards  for  the  benefit 
of  sludenpi,  as  well  as  for  our  social  and  economic  future. 


Chalhngt 
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K  4  SI  ANUaRDS 


STANfMRD  I:  MATHrMATJCS  AS  PROBl  tM  SOLVING 

la  gndes        the  study  of  mathematics  should  emph^ize  problem  solving  so 

that  studcBts  caa- 

-  use  probSem-solviQg  appixMches  to  investigate  and  understand  mathematical 
content; 

-  formulate  problems  from  everyday  and  mathematical  situations, 

-  develop  and  apply  strategies  to  solve  a  nvide  variety  of  problems; 

-  verify  and  interpret  results  with  respect  to  the  original  problem; 

-  acquire  confidence  in  using  mathematics  meaningfully. 

STANDARD  2:  MATHEMATICS  AS  COMMUNICATION 

Id  grades        the  stvdy  of  mathematics  should  Include  numerous  opportunities 

for  communication  so  that  students  can: 

^  relate  physical  materials,  pictures  and  diagrams  to  mathematical  ideas. 

-  reflect  upon  anU  clarify  I'  cir  .  nking  about  mathematical  ideas  and 
situations; 

-  relate  their  everyday  language  to  mathematical  language  and  symbols, 
'  reaitre  that  representing,  discussing,  listening,  writing,  and  rrsdtng 

mathematics  are  a  vital  part  of  teaming  and  using  mathematics. 

STANDARD  3:  MA  1  HEMATICS  AS  REASONING 

In  grades         she  study  of  mathematics  should  emphasise  reasoning  so  that 

students  can: 

'  draw  logical  con4:lusions  about  mathematics, 

-  use  models.  Known  facts,  properties,  and  retanon^hips  to  explain  thrir 
thinking; 

-  justify  ?heir  answers  and  solution  processes, 

-  use  patterns  and  relationships  to  analyze  mathemauca!  situations. 

-  believe  that  mathematics  makes  sense. 

STANDARD  4:  MATHEMATICAL  CONNECTIONS 

Ir  grades  K-4,  the  study  of  mathematics  should  include  opportunities  to  make 
connections  so  that  stu^nts  can: 

-  link  conceptual  and  Procedural  knowledge; 

-  relate  various  representations  of  concepts  or  procedures  to  one  another, 
recognize  relationships  among  different  topics  in  mathematics, 

-  use  mathematics  in  other  curriculum  areas; 
"  use  mathematics  in  (heir  daily  lives. 

STANDARDS;  ESTIMATION 

In  grades         ihe  curriculum  should  include  estimation  so  students  can: 
explore  estimation  strategies. 

-  reccgni^e  when  an  estimate  is  appropriate: 

-  use  estimation  to  dejcrmme  reasonableness  of  resuJrs; 

-  apply  estimation  in  working  with  quamilies,  measuremrnl.  computation,  and 
problem  solving, 

STANDARD  6:  NUMBER  SKNSE  AND  NlJMLRATION 

In  grades  K-4.  the  mathematics  curriculum  should  include  whole  number 

concepts  and  skills  so  that  students  can: 

-  construct  number  meanings  through  real-  world  experiences  and  the  use  of 

ph^^^ical  materials; 
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•  lincterstand  our  aumcmtton  system  by  rrlatitjg  coaming,  grouping,  and  place- 
vtlue  cQBcepo; 

-  dcvcHH!)  number  sense; 

-  intefptret  Uw  muUijMf  uses  of  Biirobei$  cncouottitd  in  the  real  world. 

STANDARD  7:  CONCEPTS  OF  WHOLE  NUMBER  OPERATIONS 

In  grades        the  mtihemitics  curriculum  sboutd  include  concepts  of  addition, 

fttbtnciioB,  multiplication,  and  division  of  whole  aambers  so  that  students  can; 

-  develop  meaning  for  the  operations  by  modeling  and  discussing  a  rich  vai iety 
of  problem  situations; 

-  relate  the  matlwmatica]  language  and  synibclisai  of  ot>erattons  to  problem 
situations  and  informal  language; 

-  recogniie  that  a  wide  variety  of  problem  sif  uctures  can  be  reptesentcd  by  a 
single  operation; 

•  develop  operation  sens*. 

STANDARD  8:  WHOLE  NUMBER  COMPUTATION 

In  grades  IC-4,  the  mjthemitics  curriculum  should  develop  whole  number 

computation  so  that  students  can: 

«  model,  expUin,  and  develop  reasonable  proficiency  with  basic  facts  and 
algorithma; 

-  use  a  variety  of  mental  computation  and  estimation  techniques; 

-  use  calculators  in  appropriate  computational  situations; 

-  select  and  use  compuution  techniques  appropriate  to  ^jecific  problem 
situations  and  determine  whether  the  result  is  reasonable. 

STANDARD  9:  GEOMETRY  AND  SPATlA*-  SENSE 
jfi  grades  ^-^4,  the  mathematics  curriculum  snould  include  two-  and  three- 
dimensional  geometry  so  that  students  can: 
.  describe,  model,  draw,  and  classify  shapes; 

^  investigate  and  predict  results  of  combinmg,  subdividing,  and  changmg  shape  , 

-  develop  spatial  sense 

-  relate  geometric  ideas  to  number  and  measurement  ideas; 

-  rect>gnii«  and  appreciate  geometry  in  their  world 

STANDARD  10:  MEASUREMENT 

In  grades  K'4,  the  mathematics  curriculum  should  include  measurement  so  that 
students  can. 

•  understand  the  attributes  of  length,  capacity,  weight,  area,  volume,  time, 
temperature,  and  angle; 

-  i^lop  the  process  of  mwwuring  and  concepts  related  to  units  of 
mcaauremenr, 

Quke  and  use  estimates  of  measurement; 

-  make  and  t«e  mcasurerocna  in  problem  and  everyday  situations. 

STANDARD  U:  STATISTICS  AND  PROBABILITY 

In  grades  K-4,  the  mathematics  curriculum  should  include  experiences  with  data 
analyst  and  probability  so  that  students  can: 

-  coKect,  organise,  and  describe  data; 

-  construct,  re«J,  and  interpret  displays  of  daia^ 

-  formulate  and  solve  probtems  that  mvolve  collecimg  and  analyzing  data; 

-  explore  concepts  of  chance 
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STANDARD  12:  FRACTIONS  AND  DECIMALS 

If!  (".rsdcs  K~4,  ihc  mathcmAiici  currkvlum  should  incliKte  ffaciions  and  dfcimaU 
so  t^iat  students  can: 

-  di  vek>p  coficeim  fif  fractioiu,  mixed  numbers  «nd  dwrimals; 

-  develop  number  sense  for  Tracfbiu  &^  <feciRmts; 

-  use  modeb  to  reliie  fractions  to  decimals  isd  to  find  cqui*alent  fractions; 

-  use  tnodcls  to  explore  operaiioas  on  fictions  knd  decimals; 

-  Mpp\y  fractioos  and  decimals  in  proMeni  situations. 

STANDARD  13:  PATTERNS  AND  RELATIONSHIPS 

In  grades  K~4,  the  mathematics  currkulufn  should  include  patterns  and 

relatkmships  so  that  students  can: 

-  recognize,  ejitend,  describe,  and  create  a  wide  variety  of  patterns^ 

-  represent  and  df  scribe  mathematical  relattunship^ 

-  explore  the  use  of  variables  and  open  sent<*nces  to  express  relationships. 
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S  a  STANDARD 


STANDARD  I    MATHEMATICS  AS  PROBLEM  SOLVING 
In  grades  5-1,      mathanatifs  cumculum  shouW  tnclude  numerous  and  vanrd 
experiences  with  problem  solving  11$  a  mctKpd  uf  inquiry  and  arnHication  so  that 
students  can: 

-  use  proWcin-soJving  approaches  to  investigate  and  understand  rwithematkral 
content^ 

-  formulate  problems  from  situations  within  and  oui&idc  mathematics; 

-  develop  and  apply  a  variety  of  strategies  to  solve  problems,  with  emphasis 
on  multi-step  and  oooroutine  problems; 

-  verify  and  interpret  results  with  respect  to  the  original  problem  situation; 

-  generalize  solutions  sod  strategies  to  new  problem  situations, 

-  acquire  confidence  in  using  mathematics  flK^ningfully. 

STANDARD  2:  MATHEMATICS  AS  COMMUNICATION 

In  gfades  5-8,  the  study  of  mathematics  should  include  opportunities  jo 

communicate  so  that  students  can: 

-  model  situations  using  o»^«'  written,  concrete,  pictorial,  graphical,  and 
algebratc  methods; 

*  reflect  upon  end  clarify  their  »>wn  thinking  about  maihcmatic:*t  ideas  and 
situations; 

'  develop  common  umkrsiandirgs  of  mathematical  ideas,  including  the  role  of 
definitions: 

'  use  the  skilh  of  reading,  listening,  and  viewing  to  interpret  and  evaluate 
mathematical  ideas, 

-  discuss  mathematical  Ideas  and  make  ct>njecturc$  and  convincing  arguments; 

-  appn^^ate  ti.e  value  of  n»thematical  iwtation  and  its  role  in  the  development 
of  mathematical  ideas. 

STANDARD  3    MATHEMATICS  AS  REASONING 

In  grades  5-8,  rcasonin;'  shall  permeate  th«  mathematics  curriculum  so  that 

students  can: 

-  recognize  and  apply  deductive  and  indwttive  reasoning; 

-  undcn^taml  and  apply  reasoning  processes,  with  special  attention  to  spatial 
red' jfiing  and  reasoning  with  proportions  and  graphs; 

-  rnake  and  evaluste  mathematical  conjectures  and  arguments; 

-  validate  their  own  thinking, 

-  a|>preciate  the  pervasive  use  and  power  of  reasoning  as  a  part  of  mathematics 

STANDARD  4:  MATHEMATICAL  CONNECTIONS 

In  grades  5-8,  the  mathematics  curriculum  should  include  investigation  of 

mathematical  connections  so  that  students  can: 

-  see  mathematics  as  an  integrated  whole; 

-  esplore  problems  and  describe  results  using  graphical,  numerical,  physicaL 
algebraic,  and  verbal  mathematical  models  or  representations; 

use  a  mathematical  idea  to  further  their  undersunding  of  other  mathematical 
kJeas; 

-  apply  mathematical  thinking  and  modeling  to  solve  probkms  that  arise  in 
other  disciplines,  such  as  art,  music,  psychology,  science,  and  business; 
value  ibc  rok  of  mathematics  in  our  culture  and  society. 
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CTANDARD  1  NUMBER  AND  NUMBER  Rt  aTIONSHIPS 

In  gr«<ks  5-8.  the  machemartcs  curriculum  should  include  the  com  nued 

dev«lopmefii  of  number  tml  number  relactonshtps  jo  that  stuckni^  can 

-  UBdentnnd,  represent,  and  use  numben  in  m  viriety  of  equivatent  forms 
(integer,  fraction,  decimal,  percent,  exponential,  and  sctentific  notation)  in 
retl-worW  and  mathemattcal  problem  situations; 

-  develop  ntimbef  sense  for  whole  numbers,  fractions,  drcimals,  inlesers,  and 
rational  numbers; 

-  understand  and  apply  ratios,  proportions,  and  per.cnis  in  a  wide  variety  of 
situations; 

"  inveitigate  relationships  among  fractions.  decinuUs,  and  perccnts; 

-  represent  numerical  relatrimhips  in  one-  an<3  t«vo-dimensional  graphs. 

STANDARD  6:  NUMBER  SYSTEMS  AND  NUMBER  THFORY 

In  grades  5-8.  the  mathematics  curriculum  should  include  the  study  of  numbir 

systems  and  number  theory  so  that  students  can 

-  understand  and  appreciate  the  need  for  numbers  beyond  ihr  whole  numbers, 

-  develop  and  us?  order  relations  for  whole  numbers,  fractions,  decimals, 
integers,  and  rational  numbers, 

-  extend  their  understanding  of  \^holp  number  operations  to  fractions,  decitnal* 
integers,  and  rational  numbers. 

'  understand  how  the  basic  arithmetic  operations  are  related  to  one  another 
"  aevclop  and  apply  number  theory  concepts  (such  as  primes,  factnn,  and 
multiples)  in  real-world  and  mathematical  problem  Situations. 

STANDARD  7;  COMPUTATION  AND  ESTIMATION 
In  grades  5-^8,  the  mathematics  curriculum  should  includt?  development  of  the 
concepts  underlying  computation  and  estimation  in  various  contents  so  xhv 
students  can; 

*  compute  with  whole  numbers,  fractions,  decimals,  integers,  and  rationaJ 
number^;; 

'  develop,  analyse,  and  explain  procedures  for  computation  and  techniques  \m 
estimacton; 

-  develop,  analyze,  and  explain  methods  for  soivjng  proportions; 

-  select  and  use  an  appropriate  method  for  computing  from  among  '  cnial 
arithmetic,  paper-and- pencil,  calculator,  and  cf^mputer  methods, 

-  use  computation,  estimation,  and  proportit)n5  to  solve  problems; 

-  ase  estimation  to  check  the  reasons^  leness  of  results, 

STANDARD  8:  PATTERNS  AND  FUNCHONS 

In  grades  5-8,  ihe  n^tbematics  curriculum  should  include  explorations  of 
patterns  and  functions  so  that  students  can: 

-  dcKribe.  extend,  analyze,  and  create  a  wide  variety  of  patterns, 

-  describe  and  represent  relationships  using  tables,  graphs,  and  rules. 

-  analyze  functional  relationships  to  explain  how  change  in  one  quantity 
affects  change  in  another, 

-  use  patterns  and  functions  to  represent  and  solve  problems 

STANDARD  9:  AtGf.BRA 

In  grades  5-8.  the  mathematics  curriculum  should  include  r ^ptorations  of 
algebraic  concepts  and  processes  so  that  students  can. 

-  understand  Ihe  concepts  of  variable,  expression,  and  equation, 

-  rrprrsent  situaiicns  a.id  number  pattru>«»  Wdh  lyblr^  graphs,  verbal  rules, 
and  equaiions,  and  ex;t!ofr  the  interrelationships  of  these  lepicseniations 
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"  «fi»]yxe  tables  uid  %nphi  lo  «kniify  proper tws  »n4  relationships* 

-  <tevdap  confidwict  ip  tolviog  lioetf  cqwiikins  usini  concrete*  mfanMl.  and 
fonsai  metlKMfs; 

^  in¥t»ti$ate  ineqealitks  and  itc»Umar  equatio&t  toformiUy; 

-  appty  algebraic  methods  U>  »lve  a  variety  of  real- world  and  matheinattcal 

STANDARD  10:  STATISTICS 

la  grades       the  mathematics  corrkylum  should  include  explorations  of 
ttatottai  in  real-worid  sititatiotts  so  that  students  can: 

-  systematically  collect,  organiie,  and  descrilie  data; 

-  comrtmct,  read,  and  inierf»ret  tabN»,  charts,  and  graphs; 

-  make  inferences  and  oonvmciag  arguments  based  twi  data  anai>s«; 

-  evaluate  arguments  based  on  data  analysis; 

-  ^velop  an  apptedatHm  for  statistical  methods  as  powerful  means  for  decision 
making. 

STANDARD  11:  PROBABILITY 

In  ftradcs  5-8»  tKe  maihematia  curriculum  should  include  explorations  of 
probability  tn  real  world  situations  so  that  students  can: 

-  model  situations  by  devising  and  carrying  out  experiments  or  simulations  to 
determine  probabilities^ 

-  OKXlel  situitions  by  consuucting  a  sample  space  to  determine  probabilutes; 
^  appreciate  the  power  of  using  a  probability  model  through  comparison  of 

experimental  results  with  mathentaiical  expectations; 

-  make  predictions  based  on  experimental  or  mathematical  probabilities, 

-  develop  an  appreciation  for  the  perv«ive  use  of  probability  in  the  real  world. 

STANDARD  12  GEOMETRY 

In  grades  $-8.  the  mathematics  curriculum  should  include  the  study  of  the 
geometry  of  oiw?,  two,  and  three  dimenxions  in  a  variety  of  situations  so  that 
students  can: 

-  Identify,  describe*  comrr^e,  and  classify  geometric  figures; 

-  vtsualixe  and  represent  geometric  figures  with  special  attention  to 
developing  spatial  sense; 

-  explore  transformations  of  geometric  figures; 

-  lepreseol  and  solve  problenn  using  geometric  models; 

"  umtersund  and  apply  geometric  prc^rtics  and  relationships; 
.  develop  an  appreciation  of  geometry  as  a  means  of  describing  the  physical 
world  < 

STANDARD  13:  MEASUREMENT 

In  grades  5-8.  the  nwthematics  curriculum  should  include  extensive  concrete 
experiences  using  measurement  so  that  stwknts  can: 

-  extend  their  understanding  of  the  proci^  of  n^asurcmeni; 

estimate,  make,  and  u«  measurements  to  ikscribe  and  compare  phenomena; 

-  select  appropriate  units  and  twoU  u>  measure  lo  the  level  of  accuracy 
required  in  a  particular  situation, 

«  understand  the  structure  and  use  of  systems  of  measuremeii,, 

^  extend  their  understanding  of  the  concepts  of  perimeter*  area*  volume,  angle 

measure,  capacity,  and  >A^ight/mtss; 
■r  develop  the  concepts  of  rates  and  other  derived  and  indired  measurements; 

-  develop  formula?  and  pmcedurea  for  determining  measures  to  solve  problems 
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9-12  STANDARDS 


STANDARD  I:  MATHEMATICS  AS  PROBLEM  SOLVING 

In  gr«ks  9-12,  tbe  mtihtmatks  cyrfkiilum  fhouki  inc!.  ic  the  reftnement  «f»d 

micmioA  of  methods  of  mathematkai  problcBi  sotving  so  thsi  all  sfu<tencs  can: 

-  use,  with  increasing  confitkncc,  ptobleisi-solvinig      coaches  to  inveuiiaic  and 
uniSemaiid  mmthematica!  contesi; 

-  apply  iategraied  mathematioil  probiem- solving  strategies  to  %olvt  problcins 
from  within  and  outride  of  mathematics; 

-  rec<^aixe  and  formulate  problems  from  situations  within  and  outside  of 
mathematics; 

*  apply  the  process  of  mathematical  modeling  to  real-world  problem  situatrons 

STANDARD  2:  MATHEMATICS  AS  COMMUNICATION 
In  grades  9-li.  the  mathematics  curriculum  should  include  the  continued 
development  of  language  and  symbolism  to  communicate  mathematical  ideas  so 
that  all  students  can: 

*  reflect  upon  and  clarify  their  thinking  about  mathematical  ideas  and 
relationships; 

-  formulate  mathematical  definitions  and  express  generalizations  (potential 
theorems)  discovered  through  investigations; 

-  express  mathematical  ideas  orally  and  in  writing; 

*  read  written  presentations  of  mathematics  with  understand ing; 

ask  clarifying  and  ex;tendtng  Questions  related  to  mathematics  thry  have  read 
or  heard  about; 

-  appreciate  the  power,  elegance,  and  economy  of  mathematica!  notation  and  its 
role  in  the  development  of  mathematical  ideas. 

STANDARD  3:  MATHEMATICS  AS  REASONING 

In  grades  9-12,  the  mathematics  curriculum  should  include  numerous  and  varied 
ejipt  rirnces  that  reinforce  and  eatend  h^ical  leasoning  skills  so  that  all 
students  can: 

-  maKe  and  test  conjectures; 

-  formulate  counterexamples. 

-  follow  logical  arguments; 

«  judge  the  validity  of  arguments; 

«  construct  simple  valid  arguments; 

and  so  that,  in  addilk^n,  college- intending  students  can: 

-  construct  prooH  for  mathematical  assertic^as,  including  indirect  proofs  and 
proofs  by  mathematical  induction. 

STANDARD  4:  MATHEMATICAL  CONNECTIONS 

In  gnu^  9-12,  the  mathematks  curriculum  should  include  investigation  of  the 
connections  and  interplay  among  various  mathenutical  topics  and  their 
application  so  that  all  students  can: 

-  rect)gnize  equivalent  rrpresentailons  of  the  same  concept; 

-  relate  procedures  in  one  represcn cation  to  prtKedures  in  an  equivalent 
representation; 

-  utilin  and  value  the  connections  among  malhemaiical  topics; 

-  utilize  and  value  the  connections  between  mathematics  and  other  dtscipUnes. 

STANDARDS:  ALGEBRA 

in  grades  9-12,  the  mathematics  cMrricuMim  «hotild  include  the  comtnued  study 
of  algebraic  concepts  and  methods  so  that  all  students  can: 
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-  repffsent  sitoations  thai  involve  vaf  mbk  quamittn  wUh  expftr^stons, 
raualions,  inequtliiirs.  and  mstrtces, 

"  use  Wtiles  and  gnpbs     toots  to  ifitcrprei  enpfetSHmi,  equations,  and 
iiiequalitieft; 

•  apermte  on  espresskmsi  wid  nwiriiDci,  aikd  solve  c<|uattOAi  und  ifiequ4lutc\ 

-  apprectaie  the  power  of  maiNimatical  absirKlton  and  tymtiolism; 
and  so  that,  in  add  if  km.  cdfegc-mteiMliaa  students  can: 

-  use  matrices  to  solve  liRear  systrms; 

'  demoostmie  technical  facility  ^tth  algebraic  transformatioiis,  including 
techniques  teased  on  the  thecu^  of  eqimtions, 

STANDARD  6:  FUNCTIONS 

In  grades  9-l2»  the  maihemattcs  curriculum  should  include  the  continued  study 
of  functions  so  that  all  students  cati: 

-  model  real -world  phenomena  wilh  a  variety  of  functions; 

-  represent  and  analyie  relationships  using  tables*  rules,  aiKl  graphs. 

-  translate  among  tabular,  tymboltc,  and  graphical  rcpresenutions  of 
functions, 

^  recognise  that  a  variety  of  problem  situatttms  can  be  modeled  by  the  same 
type  of  function; 

"  analyjie  the  effects  of  paramcict  changes  on  the  graph)  of  funciioni, 
and  so  that,  in  addition,  college^  intending  students  can- 

-  understand  operations  on,  aiul  ihe  general  properties  and  behavior  of, 
classes  of  fumrtiomL 

STANDARD  7   GEOMETRY  FROM  A  SYNTHETIC  PERSPECTIVE 

In  grades  9-12,  the  tnathematics  curriculum  should  include  the  continued  study 

of  the  geometry  of  two  and  three  dimensioni  so  that  alt  siutlents  can: 

-  interpret  and  draw  three-dimensional  objects; 

^  represent  problem  situations  with  geometric  mo^ls  and  apply  properties  of 
figures; 

-  classify  figures  in  teims  '^f  congroence  and  simiisrity  and  apply  these 
retattonships: 

-  dciSuce  propcfties  of,  and  relationships  between,  figures  from  given 
assumptions; 

and  so  that,  in  addition,  college-  intcrding  students  cat> 

-  develop  an  umtersunding  of  an  axiomatic  system  through  investigating  and 
comparing  various  geometries. 

STANDARD  S:  GEOMETRY  FROM  AN  ALGEBRAIC  PERSPECTIVE 
In  grades  9-12.  the  tnathematics  currtcvlum  should  include  the  study  of  the 
ge<^»etry  of  two  and  ihjrct  dimensit  iw  from  an  a^ebraic  pcuni  of  view  so  that 
an  studests  can: 

-  translate  between  synthetic  and  coordinate  rej»«sentaiii»tt; 

-  deduce  prtiperties     figures  using  Iran^ormatkms  and  rising  coordinates; 

-  identify  congruent  and  similar  figures  using  transformations; 

-  analy^  properties  of  Euclidean  trai»formations  and  rcUte  translations  to 
vectors; 

and  so  that,  in  add  t ion.  college- in tendisf  siwlents  can: 

-  deduce  properties  of  figures  using  vectors, 

-  apply  transformations,  coordinates,  and  vectors  in  probtem  solving. 
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STANDARD  9^  TRKiONOMt:TRY 

In  gr»drs  9-12,  ihe  mavhemaiics  curricMlMin  should  include  the  stuUy  qf 
tri«onQm«tr>  so  that  all  stw^tt  can 

-  apfriy  trttononieif y  to  probtem  situaticms  involving  trmPHH^s« 

-  explore  periodic  real  worW  phenomena  using  the  sine  ^,.d  cosine  functtonv 
and  w  thai,  tn  addicion,  coUege-iatending  studenn  can: 

"  umleraiaml      connection  bet^^een  irtgoncHitf trie  anJ  circular  funciionx, 

-  use  circubr  functions  to  model  periodic  real- world  pbeoomena, 

-  apply  general  graphing  iechnik)ues  to  trigonometric  functions; 

-  solve  trigonometric  equations  and  verify  trigonometric  identities, 

-  undertiand  the  connections  between  tfigonometric  functions  and  polar 
coordinates,  complex  numbers,  and  series. 

STANDARD  10.  STATISTIC  S 

In  grades  9-12.  the  fnaihematici;  curriculum  should  include  the  continued  study 
of  dau  BnaJ>^ts  and  statistics  so  thai  all  students  can: 

-  construct  and  draw  inferences  from  charti^.  tables,  and  graph*  that 
summarize  data  from  real-world  situations, 

-  use  curve- fitting  to  predict  from  data; 

-  undersund  and  apply  mefwures  of  central  tendtncy.  variability,  and 
Correlation; 

-  understand  sampling  and  recogniie  its  role  in  statiMical  claims; 

-  design  a  statistioil  experiment  to  study  a  problem,  conduct  the  ei^perimem. 
and  interpret  and  communicate  the  outcomes, 

-  analyse  the  effects  of  data  tfansforrnalions  on  measures  of  central  tendency 
and  variability. 

and  so  that,  in  addition,  college- intendmg  students  can: 

-  transform  data  to  aid  in  data  interpretation  and  prediction, 

-  test  hypotheses  using  appropriate  statistics. 

STANDARD  II:  PROBARillTY 

In  grades  9-12,  the  mathematics  curnculum  <ihould  include  the  continued  study 
of  probability  so  that  ail  studeuts  can: 

-  use  experimental  or  theoretical  probability,  as  approprtate,  to  represent  and 
solve  problems  involving  uncertaint>, 

-  use  simulations  to  estimate  probabili  ies; 

-  understand  the  concept  of  random  variable, 

-  create  and  interpret  discrete  probability  disiiibuiions; 

-  describe*  in  gei^ral  terms,  the  normal  curve  and  u*ie  its  properties  to 
answer  questions  about  sets  of  data  that  are  assume  <1  to  be  normally 
distributed; 

and  so  that,  in  addition,  college-intending  students  can: 

-  apply  the  concept  of  random  variable  to  generate  and  interpret  piobabihty 
distributions  including  binomial,  unjforn),  normal,  and  chi- square 

STANDARD  12    DIS*  RKTE  MATHF,MATI« 

In  grades  9-^12,  the  mathematics  curriculum  should  include  topics  from  disciete 
mathematics  so  thai  all  students  can: 

-  represent  pioblem  situations  using  discrete  structures  such  as  finite  graphs, 
matrices,  sequences,  and  recurrence  relations; 

'  represent  and  analyze  finite  graphs  using  matrices, 

-  develop  and  analyze  algorithms, 

-  solve  enunaeration  and  finite  probability  problems; 
and  so  ihat,  in  addiiion.  college- intending  students  can 
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.  represent  and  »olve  problem  uiing  liiteir  prosiimraing  and  difference 

.  IS'mtS'tt  P«<*H!m  aiM-ttoia  lhat  an**  *»  eomieetkm  with  computer 
validation  and  iwpticatioii  of  dtorithn*. 

STANDARD  II  CONCEPTUAL  UNDERWNNINOS  OF  CALCULUS 

la  Blades  9-12.  «fce  mathewatka  c«meii»um  »lio«W  include  the  mforwal  

;mKS«  of  cakato  excepts  fwm  bolli  a  graphical  and  n««er«»»  peope^t.ve 

r^rSi^toi^.«d  minimum  Pom««  of  a  graph  ami  iaterpret  the  results 

.  l^JSSS  *£Sp'r<>e«««  by  examiHiog  inrmiie  seqneBce*  and  *eries  and 
areai  aBdcr  csrm; 

and  i»  that.  iB  a«Whk»B.  o»»ei^-mK»<l"»g  „, 
r^nto**^  the  «»c«ptual  faindatiwa  of  limit,  area  under  a  curve,  rate  of 
chanie.  aad  *^  of  a  angeni  line,  and  their  applications  m  other 

-  J^^'Ai  ««P»«  «f  polynomial,  rational,  radical,  and  transcendental 
fnuKtkias- 

STANDARD  14:  MATHEMATICAL  STRUCTURE 

In  grades  9-12.  the  matl  cmatio  curriculom  should  include  the  study  of 

nuihetiMtical  Structure  tu  that  all  studenu  caa: 

T^SSS^nLd^trast  the  real  «»«ber  system  and  its  various  subsystems  .n 
term  of  strtictural  charKieristic*; 

-  uttdenisnd  the  togic  <rf  algebraic  procedures;  ,...  .•■„ 

-  Hp^kte  that  i«i«.ngly  differem  matheiMtical  systems  may  be  essentially 

an?io*ttat*.  in  addition.  coHege- intending  students  can; 

^  develop  the  comple.  number  system  and  demonstrate  facility  w.ih  its 

-  ^^'d^ntary  theorems  within  various  mathematical  structures,  such  as 
.  de«top  an  understanding  of  the  Mture  and  purpose  of  a«K>mai.c  systems. 


17S 


173 


EVALUATION  STANDARDS 


STANDARD  I:  ALIGNMENT 

In  asmsiog  studcnui*  learniRa^  Kssessnwot  methods  and  tasks  should  be  iligned 
wilh  the  cyrriciilyLm  in  terms  of. 

-  its  soah,  objectives,  amS  mathematical  content; 

-  the  relative  emphases  it  gives  to  varkms  topics  and  processes  and  their 
relit  kmthips; 

-  its  ifMtmcttonal  amMXiaches  ami  activities,  iiiciuding  the  use  of  cakutitors, 
computers,  and  maniiMilatives, 

STANDARD  2:  MULTIPLE  SOURCES  OF  INFORMATION 
Decisions  coflceintng  students*  learning  should  be  based  on  the  convcrgefice  of 
infer matioa  obtt.'ned  from  a  variety  erf  sources.  These  sources  shouW  embody 
tasks  that: 

-  demand  diCfereflt  kinds  <rf  mathemati^^  thinking; 

-  present  the  same  mathematical  concept  or  procedure  in  different  contexts, 
formats,  and  problem  situations. 

STANDARD  3:  APPROPRIATE  ASSESSMENT  METHODS  AND  USK 
Assessment  methods  and  instruments  should  be  seiected  on  the  basis  of: 
•  the  type  of  infoimation  sought; 

the  use  to  which  the  information  will  be  put; 

the  developmental  level  and  maturity  of  the  student. 
Use  of  assessment  data  for  purfKises  other  than  those  mtendrd  is  inappropriate. 

STANDARD  4:  MATHLMA  .  ICAL  POWER 

The  assessment  of  students*  mathematical  knowledge  should  seek  information 
abovt  their: 

-  ability  to  apply  their  knowledge  to  solve  problems  withm 
mathematics  and  in  other  disciplines; 

-  abiifty  to  use  mathematical  language  to  communicate  ideas; 
"  ability  to  reason  and  analyze; 

"  Knowledge  and  understanding  of  concepts  and  procedures; 

-  J'isposjtion  towards  mathematics. 

-  uf^cVerstanding  t}f  the  rK^ture  of  mathematics; 

and  the  extent  to  which  these  aspects  of  students*  mathemafical  knowledge  fiie 
integrated. 

STANDARDS    PROBLEM  SOiVINti 

The  assessment  of  students'  ability  to  soKc  problems  should  vrnvnit  evidence 
that  they  can; 

-  formul3te  problems; 

-  apply  a  variety  of  strategies  Xu  soke  problems, 

-  solve  problems; 

-  verify  and  interpret  results; 

-  generalise  solutions. 

STANDARD  6:  COMMUNICATION 

Assessment  of  students'  ability  to  communicate  mathemaiic*  should  provide 
evidence  thai  they  can 

-  espre»  mathematical  ideas  by  speaking,  ivrifing.  demortstrating,  and 
depicting  them  visually; 
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-  ttfi^terstftiid^  intfipftf,  tnd  evaluate  mathematical  kleiu  that  are  presenic<$  in 
written,  oral  or  visi«l  form; 

BM  matbefflattcal  vocabulary,  notation,  ami  structure  to  represent  ideas, 
describe  rrtatiomliips,  and  model  situations. 

STANDARD?:  REASONING 

Tfeu  ttsessoM^fit  of  stwtents'  ability  to  reason  mathematically  should  provide 
evtdenct  ^t  they  an: 

-  m  tnduclive  itttoning  to  recognize  patterns  and  form  conjectures; 
use  to  devehH)  plausible  arguments  for  mathematical  statements; 
use  proportional  and  spatial  reasoning  to  solve  problems; 

►  use  ^uctive  reasoning  to  verify  conclusions,  judge  the  validity  of 
arguments,  and  construct  valid  arguments; 

-  analyse  situations  to  determine  common  properties  and  itruciurcs, 
"  appreciife  the  axiomatic  nature  of  r/iathematics. 

STANDARDS:  M  ATH  EM  ATIC  At  CONCEPTS 

Assessment  of  stu<tents'  knowledge  and  Jmderstanding  of  mathematical  concepts 
should  provide  evidence  that  they  can. 

-  label,  verbalire,  and  define  concepts. 

^  i<^ntify  and  generate  examples  uod  nonesamples; 

-  use  modeb,  diagrams,  and  $ymtK»ls  to  represent  concepts; 

-  translate  from  one  mode  of  representation  to  another; 

-  recogniu  the  various  meaninfc-s  and  interpretations  of  concepts; 

-  ittentify  properties  of  a  given  concept  and  recognize  condiiioa^  that 
determine  a  particular  concept; 

-  compare  «nd  contrast  concepts  with  other  related  concept?. 

In  addition,  assessment  should  provide  evidence  of  the  extent  to  which  students 
have  integrated  their  knowledf,e  of  various  concepts, 

STANDARD  9:  MATHEMATICAL  PROCEDURl  S 

The  assessment  of  students'  knowledge  of  procedures  should  provide  evidence 
that  they  can: 

-  recognise  when  it  i&  appropriate  to  use  a  procedure; 

-  give  reasons  for  the  steps  m  a  procedure; 

-  reliably  and  efficiently  execute  proctslures; 

-  verify  results  of  procedures  empirically  (e.g  ,  using  models)  or  analytical!), 

-  recognize  correct  and  incorrect  procedures; 

-  generate  new  procedures  and  extend  or  modify  famiUar  t/oes; 

-  appreciate  the  nature  and  role  of  procedures  in  mathcmaiics. 

STANDARD  10:  MATHEMATICAL  DISPOSITION 

The  assessment  of  students'  mathematicil  disposition  should  «ek  information 
about  their. 

-  confidence  in  using  mathematics  to  sot>e  problems,  to  communicate  ideas, 
and  to  reason; 

.  flexibility  in  exploring  maihematical  ideas  and  trying  alternative  method*;  mj 
solving  problems; 

-  willingness  lo  persevere  at  mathfmatical  tasks: 

-  interest,  curiosity  and  mvenhveuess  in  domg  mathematics, 

-  inctinaiion  to  monitor  and  reflect  upon  their  own  thinking  and  performance, 

-  appreciation  of  the  role  of  mathematics  in  our  culture  and  its  valtif*  as  a 
tool  and  as  a  language 
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STANDARD  U:  INDICATORS  FOR  PROGRAM  EVALUATION 
When  rvtluating  a  nwilhcmmTics  program  is  consislcncy  with  the  NCTM 
Standards,  iiidicatt>rs  of  tht  program's  maich  Co  ihe  Standards  should  be 
collected  on: 

-  student  outcomes, 

-  prograjn  cxpectatiofis  and  support; 

-  equity  for  all  students; 

-  curriculum  review  and  change. 

In  addition,  indicator*  uf  the  program's  match  to  the  Siandards  should  be 
collected  on  cutriculun)  and  instructional  resources  ani  mstruclion.  These  are 
discussed  eiplicitly  in  Evaluation  Standards  12  and  13 

STANDARD  1^  CURRICULAR  AND  INSTRUCTIONAL  RESOURCES 
When  evaluatiiig  a  mathematics  program's  consistency  with  the  NCTM 
Curriculura  Standards,  examioairon  of  curricular  and  instructional  resources 
should  focus  on: 

-  goafs,  objectives,  and  mathematical  content « 

-  relative  emphases  of  various  topics  and  processes  and  their  relationships; 
"  instructtonat  approaches  and  activities; 

~  articulation  across  grades, 

-  asse^ment  methods  and  inslruments; 

-  availability  of  technological  tools  and  support  materials 

STANDARD  13  INSTRUCTION 

When  evaluating  a  matlwmatics  program's  consisicnvy  wish  !he  NC"1  M 
Curricutum  Standards,  instruction  and  tht*  environment  in  which  it  lakes  place 
should  be  examined*  with  speati  attention  to: 

-  mathematica]  content  and  its  treatment; 

-  relative  emphases  assigned  to  various  topics  and  processes  and  the 
relationships  among  them; 

-  opportunity  to  le  m; 

"  instructional  resou.  'es  and  classroom  climiite, 

-  assessment  methods  and  instruments  used; 

-  articulation  of  instruction  across  grades 

STANDARD  14:  EVALUATION  TEAM 

Program  evaluation  should  be  planned  and  conducted  with  the  involvrmeni  of; 

-  individuals  with  expertise  and  training  in  mBihematics  education; 
individuals  with  expertise  and  irai.iing  in  program  evaluation. 

•  decision  makers  for  the  mathematirs  program, 

-  users  of  the  information  from  the  evaluation 
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AN  EXAMPLE  OF  A  CURRICULUM  STANDARD 
STANDARD  10:  STATISTICS 

In  gradn  5~l,  the  mathematics  curriculum  should  include  iht  expioration  of 
statistics  in  fi»l- world  situations  so  thai  students  can: 

"  systematically  collect,  organUe,  and  describe  dsia; 

^  construct,  read,  and  interpret  tables,  charts,  and  graphs; 

-  make  inferences  and  convincing  arguments  based  on  d&lo  analysis, 

*  evaluate  argum«»nt.4  t>ased  on  c'aia  analysis, 

develop  an  Bpprccistion  for  statistical  methods  as  powerful  meai^  for 
decision  making 


F<icui 

In  this  age  of  information  and  technology,  ihere  is  an  ever-increasing  need  to 
understand  how  information  is  processed  and  translated  into  usable  knowledge 
Because  of  society's  expanding  use  of  data  in  prediction  and  decision  making,  it 
is  important  that  students  develop  an  understanding  of  the  concepts  and 
processes  used  in  analyzing  data.  K  nowledge  of  statistics  is  necessary  for 
students  to  become  intelligent  consumers  who  can  r.^ake  informed  and  critical 
decisions. 

In  grades        students  begin  to  explore  elementary  ideas  of  statistics  by 
gathering  data  appropriate  to  their  grade  level,  organizing  it  in  charts  or 
graphs,  and  reading  information  from  their  displays.  These  concepts  should  be 
continued  and  expanded  in  the  middle  grades.  Siudcnis  in  grades  5-8  have  a 
keen  interest  in  trends  in  music,  movies*  fashion,  and  sports.  Investigation  of 
how  such  trends  arc  developed  and  cotr  niunicated  is  an  excellent  motivator  for 
^he  study  of  statistics   Students  need  to  be  actively  involved  in  each  of  the 
steps  that  comprise  statistics,  from  the  process  of  gathering  inf<*f  malion  to  the 
communication  of  findings  and  statistical  results. 

IdentifytBS  the  range  ot  average  of  a  data  set,  amstructing  simple  graphs,  and 
reading  data  points  \  i  answers  to  specific  questions  are  important  activities,  but 
ihcy  reflect  only  a  ^ery  nairow  aspect  of  statistics.  Instead,  instruction  in 
statistics  should  focus  on  the  active  involvement  of  students  in  the  entire 
process:  fofmulating  key  questions;  collecting  and  organizing  data;  representing 
the  data  usiiJg  graphs,  tables,  frequency  distributions,  and  summary  statistics; 
analyzing  the  data;  making  conjcctum;  and  communicating  information  in  a 
convincing  way.  Students*  understanding  of  statistics  also  is  enhanced  by 
opportunities  to  evaluate  others'  arguments   This  exercise  is  of  particular 
importance  to  all  students,  as  so  much  advertising,  forecasting,  and  public 
policy  devetopmeni  is  based  on  data  analysis. 
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10  Owviw 


Mkfdk-tchool  sciHlefils*  curiofify  about  fh«mi^>ve9.  tfcetr  peers,  »n<!  their 
Si  ^  Mundiogs  mi  fxiotivat e  the  study  of  stathttcs.  The  data  to  he  gatheird. 
OTfaniied.  and  studied  shovW  be  interesttiii  and  relevaai,  their  interest  to  self 
and  peers,  for  ejuunple.  can  mmivatt  sfink^^tf  m  iovestii^ie  the  'Average 
student*  tn  she  class  or  school.  First,  stiKleats  must  formittete  quettioiu  as  to 
what  de  term  lues  tl«ir  concept  of  as  *tvtrrajie  student*-*- age.  height,  eye  color, 
favorite  mime  or  TV  show,  number  of  people  in  family,  pets  at  home*  etc. 
Whi^  numerous  categories  are  possible,  !kniw  discussion  will  help  students  to 
develop  a  survey  instrument  that  will  pmvi<h(  appropriate  data.  Samplii: " 
procedures  are  a  critical  issue  in  data  «)lleciion.  Which  students  should 
surveyed  to  deteroiirw  Mr.  or  Ms.  Average?  Most  every  student  be  questioned'' 
If  not,  how  can  randomness  in  the  san^iiing  be  assured  and  how  many  samples 
are  m^ded  to  provide  eoouxh  data  to  describe  the  average  siu<knt? 

Random  samples,  bits  in  sampling  procedures,  and  limited  samples  all  are 
importBDt  considerations.  For  instance,  would  collecting  data  from  the  men's 
and  women's  basltetbalt  teams  provide  good  information  to  determine  the 
average  height  of  a  college  student?  Will  a  larger  sample  reveal  3  more 
accurate  picture  of  the  percentage  of  students  with  brown  hair?  The  following 
graph  illustrates  the  rtsulis  of  increasing  the  sample  sizr. 


I  I  I  I  I  I  I  I  I  I 
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Students  in  Sample 

figtdrr  W.I:  Graph  of  brown -haired  students 
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fiffutf  iOJ:  iVsia  table 


Data  pfcseniation  can  lake  varmus  forms:  charts,  fnhks,  plots  (inciuding  sjcra 
and  leaf,  box  and  whisi<ers,  and  scatter),  and  graphs  (such  as  bar.  cucle,  or 
line)    Fach  offers  ifs  own  unique  visual  presentaiion  of  the  data   tach  ^ 
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wklAs  a  diffcrtnt  impact  on  the  picture  of  ihe  information  being  presented,  and 
c«ch  conveys  »  different  perspective.  The  choice  of  form  depend?^  on  the 
qwsttons  thai  are  to  be  answered.  Using  the  same  data,  graphs  con  be 
devetoped  usira  several  different  scalw  to  show  how  the  change  of  scale  can 
dramatically  alter  the  visual  message  that  h  communica4*d 

Coniputer  software  can  greatly  enhance  the  organization  and  rcprcscotation  of 
data.  Data-ba»e  pnjgrams  can  provide  information  for  Students'  investigation 
and  can  i«cord  data,  sort  it  quickly  by  various  categories,  and  organize  it  in  a 
variecy  of  ways.  Other  programs  can  be  used  to  constnici  Plots  and  graphs  for 
data  display.  Scale  changes  can  be  made  to  compare  different  pictures  of  the 
:ame  informaiton.  This  technological  tool  fretfs  students  to  spend  more  time 
exploring  the  essence  of  statistics:  aoalyiing  data  from  many  viewpoints, 
drawing  inferences,  and  constructing  and  evaluating  arguments. 

A  particular  point  to  be  rai^  with  students  concerns  'average"  as  it  relates  to 
numerka!  and  nonnumerica!  data.  While  there  arc  se%eral  measures  of  central 
tendency.  J»tudr   s  are  generally  exposed  only  to  the  mean  or  median,  yet  the 
mode  may  be      best  "average"  for  a  set  of  non-numerical  data. 

Students  also  should  explore  the  concepts  of  cititer  and  dispcrstott  of  data. 
The  following  activity  includes  all  of  the  important  elemt- nts  preser.tfd  in  this 
standard  and  illustrates  the  use  of  boJi'and-v*.hiskef  plots  as  an  effective  means 
of  describing  data  and  showing  variation 

A  clau  U  dUlded  iBto  t^o  large  groups,  and  thea  subdUlded  Into  pairs. 
One  itndcat  la  eacn  pair  e.stimates  when  one  minute  has  passed  while  the 
oilier  watches  the  clock  and  records  the  actual  lime.  All  of  the  students 
im  one  grou^  concenfrate  on  the  tlmlog  task,  while  half  of  the  students  In 
the  secofid  exert  CDa&taat  efforts  to  distract  their  partners.  The  box  plots 
show  that  the  median  times  for  the  tmtt  groups  were  about  the  same,  hut 
the  limes  for  the  distracted  group  ha*e  greater  variation.  Note  thai  la  the 
dittraclcd  group,  one  data  polai  Is  f»r  esough  removed  from  the  others  lo 
be  aa  rtttiler. 

«j  I  I  1  J  i  i  1^  ^ 

Seconds         ^0       40       50       60      70      80      90      !00  HO 

Non  distmrtcd  group  |.  {         }  h  I 

Distiuctcd  grwjp    I-    —  i  l  f   1  * 


Figurr  W  S    Time  est i males 
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Sports  statistics  and  other  real  data  provide  students  with  settinai  in  which 
they  CIO  generate  new  data  and  investigate  a  variety  of  conjectures.  The  table 
Wow  contams  mtormatiofl  from  a  NBA  championship  series  game  between 
Angeles  and  Boston. 

Haycr 

Worthy 
Johnson 
Bird 
McHa»e 

Figure  10.4:  NBA  championship  series 

From  thU  table,  studem^  can  be  asked  to  generate  such  new  informmion  us 
pomts/minute,  rebounds/minute,  points/field  goals  attempted    Who  is  ;he  best 
percentage  shooter?  What  is  the  height  of  rt^ch  player?  Determine  rebounds/ 
inch  oi  height;  points/inch  of  height. 

A  problem  such  as  this  is  ideally  suited  to  the  curious  nature  of  miadle^school 
studcois  and  opens  up  a  world  of  questions  and  investigations  to  them, 

formulating  key  questions,  interpreting  graphs  and  cHmmv.  «jd  solving  problems 
are  imporunt  goats  in  the  study  of  seitisttcs   Statistic!^  can  help  answer 
QuMtions  that  do  not  lend  themselves  to  direct  measurement   Once  data  is 
collected  and  oigamred,  questions  such  as  the  following  can  guide  students  in 
interpretmg  the  data 

What  appean  most  often? 
What  trends  appear  in  the  da<a? 
What  is  the  significance  of  outliers? 

What  interpretations  can  we  draw  from  these  data,  and  can  we  use  the 
tnterpretations  to  make  predictions? 

Wf«t  difficultiei  might  be  encountered  when  extending  the  interpretations  or 
p  edictmns  to  otf.*r,  related  problems? 

What  additional  data  could  we  collect  in  order  to  verify  or  disprove  the  ideas 
developed  from  these  data? 

All  forms  of  media  are  full  of  graphical  representations  of  data  and  different 
kinds  of  statistical  claims,  ail  of  which  can  be  used  to  motivate  diKussion  of 
lf.e  message  being  conveyed  and  the  arguments  being  presented  in  the  data 
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NEXT  STI  PS 

Deciding  on  the  content  for  school  mathematics  is  an  initial  step  in  the  weeded 
changt  process   So  that  the  nejii  steps  proceed  in  harmony  ^ith  the  Standards, 
tvth  the  nature  of  the  needed  changes  and  the  implied  strategy  for  change 
should  be  undCfSlood.  We  are  convinced,  given  the  overwhelmingly  pc^itive 
response  to  the  Warkfng  Draft  of  the  Standards,  that  there  art  hundreds  of 
teachers  and  other  mathematics  educators  eager  to  bring  about  changes  in 
5rChooI  mathematics    In  fact,  we  are  optimistic  that  such  changes  can  and  will 
be  accomplished. 


'fJcJ  Si'xl  Sifps 

Cunkulum  Di'xeUfpmenL  The  Standards  are  a  fnimewOTV  for  curriculum 
development.  However,  there  is  no  hoi^<  and  sequrnce  chart,  nor  is  there  a 
listing  of  topics  by  specific  grade  level,  Although  a  coherent  network  of 
relationships  exists  among  the  jdentified  content  topics,  muUiple  paths  are 
available  throughout  this  network    What  we  have  done  is  to  identify  the  key 
elements,  or  nodes,  of  th.^  network  to  be  included  m  a  quality  r..athematics 
curriculum. 

Texthnoks  und  Other  Sfatvrtals.  While  we  are  aware  that  the  curriculum 
program  in  many  scIick)1s  «5  gt^red  to  their  textbooks,  we  cxjieU  the  Standards 
to  l>e  used  as  cfiteria  for  irmurmg  text  cement 

Tt3it\,  Tests  have  {in  influence  on  what  aeiudlly  gets  t;iught  in  a  classroom, 
especially  in  uiban  are^s  where  teachers  know  thar  the  test  rc^.ulr  will  be 
used,  rightly  or  wrongly,  as  an  evaluation  of  thvm.  New  t^sts  nu;  r  be 
developed  to  assess  problem  solving,  reasonmg,  etc..  in  a  valid  wuy  to  ensure 
that  these  topics  are  taught  in  ati  classrooms 

(nsructwn.  The  spirit  and  visjon  of  the  Siandardi  cannot  be  achieved  if 
instruction  is  in-:0nsistent  with  the  undfrlymg  philosophy  they  encompass. 
When  specifying  the  content  for  a  quality  math^matirs  program,  it  is  impossibit 
not  to  address  the  accompanying  instructional  conditions.  Thus,  the  elaboration 
of  each  standard  deliberately  contains  implications  fo-  instruction  and  includes 
eKpectatioRS  about  teacher  actions  such  as  the  use  of  x  variety  of  sequences, 
grouping  procedures,  instructional  strategies,  and  techniques  for  evaluation 

Teachfr  Imfrvice.  While  we  are  confident  that  many  teachers  are  no* 
prepared  and  ready  to  teach  the  kind  of  mathematics  program  outlinea  in  the 
SianJatds.  many  other  teachers  will  need  and  demand  addtiional  tratnmg  or 
refresher  courses    Ihcse  piu^^rams  nt^ed  tn  be  develop^rd  in  collabo.ation  with 
the  teachers 

Temhir  t:duc(ium    Prospective  teachers  mu^t  be  tsu^ht  m  a  manner  similar  to 
how  they  are  t  i  teach-  explore,  conjecture .  communuaie,  reason,  and  so  forth 
Cfflk^gcr,  of  rd..  cat  JO  I  ar.t^  .n;itheni3t:r:;!  ',^":rnLC'.  dt'rsrtr/.en!*  f.hctsM  reconsider 
their  teacher  pieparai/.n  pronrams  m  hj^,!it  of  thest*  i  uuiculuni  and  -valmtion 
criteria. 
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Techm<^0gy^  Throyghout  each  sumtard*  wt  have  assumed  that  appnipnatr 
technology  would  be  avsilable  for  use  in  clt^room  instcuctkm.  Calculaiors, 
comiiutcra,  coumwarc,  and  Bianipulative  maferiah  arc  nfccwsary  for  good 
ma!rMf.natics  instruction;  the  teacher  can  no  longer  rely  solely  un  a  blackboard, 
chalk,  p^>er,  pencits,  and  a  te*t. 

Oi/ffrtmiai  Siadem  ANiify.  The  consequences  of  deal,  g  with  s(u<kiits  with 
difTerem  taknts,  achievemeots,  and  interests  has  led  to  luch  practkres  a» 
grouping,  incking,  and  special  programs  fcu^  gifted  or  handicapped  student  who 
need  and  deserve  special  atteniion.  Honrcver,  we  believe  that  a/i  stu<knt$  can 
benefit  from  an  opportunity  to  study  the  core  curriculum  speciried  in  the 

Bqwty   As  a  pluralistic,  deiWKrafic  society,  we  cannot  cootinue  to  discoumge 
women  and  minority  stucknts  from  the  study  of  mathematics.  We  beUeve  that 
current  tracking  procedures  often  are  inequitable  and  we  chaltenge  all  to 
change  current  practice  by  developing  i  istructional  activitH;^  and  programs  to 
directly  addre^  this  issue. 

Wofkimg  CiHidtUimsi.  In  too  many  schools,  teachen  will  find  it  diffictill  to 
teach  the  maihematical  topics  or  create  ihe  insiruciton&l  environments 
envisioned  in  these  Stanaards  because  of  local  coosiraiate  such  as  directives 
aboul  chapters  or  pages  to  cover,  time  for  instruction,  and  rests.  In  particular, 
in  many  grades  too  little  time  is  rpent  on  mathematics  instnictkm.  Teachers 
and  students  should  spend  an  hour  a  day  on  malhemat:  ,s  at  all  grades,  as  well 
as  take  advantage  of  the  many  opportunities  to  connect  mathematics  with  other 
school  subjects, 

Research.  Th«  Sfandards  are  based  on  a  set  of  values  (phitosophical  positions) 
about  mathematics  for  students,  and  the  way  instruction  should  proceed.  These 
values  not  only  are  consistent  with  current  research  findings  bul  also  establish 
a  new  research  agenda,  in  the  redesign  of  school  mathematics,  much  careful 
lesearch  is  needed. 


The  National  Council  of  Teachers  of  Mathematics  ha^  createt*  a  vision  about: 

matl^matical  power  for  all  in  a  lechnological  society; 
~-     mathematics  as  something  one  does- -solve  problems,  communicate^  reason; 
a  curriculum  f4»  all  which  inclwks  a  broad  range  of  content,  a  variety 
of  contexts,  and  deliberate  connections; 
the  learning  of  mathematics  is  an  active,  constructive  process, 
instruction  based  on  problem  situations; 

evaluaiion  as  a  means  of  impioving  instruction,  learning,  and  programs. 

Keeping  these  ptiints  in  mind,  collectively  we  have  a  rare  opportunity  to  prcide 
the  kind  of  leadership  that  will  make  real,  substantive  changes  in  school 
mathematics   These  changes  wilt  ensure  that  all  students  possess  both  a 
suitable  and  a  sufftci^^a  mathematical  background  to  be  productive  citizens  in 
the  next  century. 
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Mr.  Walgken.  Thank  you  very  much,  Mr.  Goes.  We  appreciate 
that. 

We  will  turn  to  Ms.  Mosier. 

STATEMENT  OK  JO  ANN  MOSIER,  FAIRDALE  HUIH  SCHOOL. 

FAIRDALE.  KY 

Ms.  MosiKR.  Mr.  Chairman  and  members  of  the  committee,  we 
very  much  appreciate  this  opportunity  to  listen  to  the  people  that  I 
feel  very  strongly  can  make  meaningful  and  lasting  change  in 

We  can  talk  about  all  the  peripheral  groups.  There  has  been  a 
decade  of  research  and  reports  about  what  needs  to  be  done  in 
mathematics  and  science  education,  and,  people,  it  is  time  for  us  to 
move,  and  we  are  the  ones  that  are  going  to  have  to  do  it. 

We  have  heard  today  three  main  strains  in  every  one  of  the  re- 
ports that  have  addressed  your  committee.  They  have  talked  about 
content.  Teachers  need  to  be  updated  in  content. 

The  National  Council  of  Teachers  of  Mathematics  have  standards 
that  will  be  published  in  final  draft  form  this  spring  that  address  a 
K  through  12  curriculum  in  mathematics  that  is  extremely  perti- 
nent to  the  needs  of  today's  technology  of  the  twenty-first  century. 

NSF  can  help  with  these  kinds  of  endeavors  through  software, 
through  training,  through  technol<^,  data  projection  panels  for  all 
mathematics  and  science  teachers,  and  we  n^  training,  and  as  we 
are  trained  we  must  continue  to  network  with  these  people  to  sup- 
port teachers  as  they  design,  as  they  implement,  as  they  evaluate 
because  the  schwl  that  I  come  from— and  we  call  our  school  a  real 
school,  and  I  bet  not  too  many  people  here  know  wheto  FaiMale, 
Kentucky  is,  and  I  want  you  to  know.  I  am  going  to  gi  ^e  you  a 
landmark,  and  it  is  the  Kentucky  Derby.  We  are  five  miles  from 
Churchill  Downs,  and  we  deal  in  our  school  with  what  we  call  real 

kids.  .  ,  1,^11 

Fifty^ight  percent  of  our  population  is  at  nsk  and,  defined  by 
our  school  district,  which  is  Jefferson  County  Public  Schools,  that 
me^ns  that  one  to  two— that  they  are  one  to  two  years  behind 
mathematics  and  reading  at  their  level,  and  we  service  at  our 
schwl  inner  city  students  to  raral  settings,  and  we  have  all  the 
stuff  in  between.  So  what  we  must  do— what  works  for  Mr.  Coes 
might  not  work  for  our  students  at  B'airdale  High  School.  But  I 
teach  in  an  environment— and  this  is  another  strain  we  have  heard 
txxiay— where  we  are  empowered  to  design  curricula  to  meet  the 
needs  of  our  students. 

If  you  look  at  ray  testimony  that  I  wrote,  we  are  working  with 
general  math  students  that— this  is  abhorrent,  but  I  want  you  to 
know  that  there  is  a  thiiti  grade  level  of  mathematics  that  can 
barely  do  anything  in  mathematics,  much  less  do  any  applications 
or  do  any  high  prjwered  thinking.  But  we  are  working  with  a  pro- 
gram from  Michigan  State  University  where  we  do  a  lot  of  moiiel- 
ing,  language  development,  and  game  playing,  and  we  develop  the 
concepts  that  way,  and  we  have  had  remarkable  success.  But  we 
would  not  have  that  success  if  we  didn't  have  the  training,  if  we 
didn't  have  the  networking,  and  that  is  so  important  and  that  is 
critical  to  what  we  are  about  today. 
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You  must  support  teachers  as  they  go  about  this  design  of  a  new 
curriculum,  ana  we  have  had  the  trainiiu^,  we  have  had  the 
networking,  and  we  have  had  some  remarkaole  su(x?e^ies*  But  our 
administration  supports  us  in  what  we  do.  We  have  a  principal 
that  is  an  instructional  facilitator.  She  says  you  are  the  ones  that 
know  what  needs  to  be  done  in  the  classroom,  what  can  we  do  to 
helix 

So  we  must  empower  teachers,  but  I  truly  believe  that  as  we  em- 
power teachers,  we  empower  students.  I  have  this  list  on  my  cla^ 
room.  It  is  called  ''Mathematical  Empowerment  Can  you  listen? 
Can  you  read  with  comprehension?  Can  you  talk  to  me  about 
mathematics?  Do  you  have  an  attitude  about  mathematics  it  is  ex* 
tremely  important?** 

And  all  of  those  strains  come  from  what  the  National  Council  of 
Teachers  of  Mathematics  is  talking  about,  and  I  think,  Mr.  Coes, 
did  you  not  say  that  they  have  a  copy  of  those  standards? 

Mr.  Goes.  Yes,  it  has  been  attached  to  my  t«rtimony, 

Ms.  MosiER.  Okay. 

And  then  the  third  strain  that  we  have  heard  today,  too,  is  peda- 
gin^.  It  is  difficult  in  the  mathematics  cla&»Txxim  to  measure  how 
effective  have  I  been  with  what  I  do  today.  Lots  of  times  I  won*t  see 
the  rewards  of  what  I  have  done  until  10  years  down  the  line. 

In  fact,  the  other  day  I  was  in  the  dru^tore  and  this  pharmacist 
stuck  his  head  over  the  counter  and  in  a  venr  loud  voice  said,  "I 
know  you,  I  had  you  in  mathematics  way  back  when,  you  made  a 
difference  in  my  life." 

We  are  not  like  the  sui^eon  that  takes  out  the  tumor  in  a  per- 
son's stomach  and  I  know  immediately  that  person  is  going  to  be 
cured.  That  is  not  true.  But  I  don't  know  if  I  am  going  to  have  im- 
mediate success. 

But  through  the  Woodrow  Wilson  Institute  that  I  attended  this 
past  summer,  where  we  learned  about  applied  mathematics  and 
technolc^,  I  have  done  some  attitudinal  change  in  my  students. 
Those  are  the  kinds  of  things  I  can  perceive  and  evaluate  immedi- 
ately. That  is  attitudinal  changes. 

It  is  difficult  when  you  go  into  a  classroom  and  you  tell  parents 
and  teachers  that  we  are  going  to  read  and  we  are  goii^  to  write  in 
the  mathematics  classroom.  Oh,  no,  not  in  mathematics*  We  have 
got  to  do  some  connecting.  Mathematics  does  not  stand  al<me,  and 
teachers  must  be  trained  in  !  aw  to  intc^frate  all  of  the  fields  into 
our  discipline,  and  we  do  a  lot  of  interdisciplinary  units  at  our 
school  and  we  do  some  cooperative  learning,  but  we  need  training. 

But  what  I  am  driving  at  is  that  research  clearly  states  that  no 
longer  can  the  teacher  stand  at  the  boards  be  the  imparter  of 
knowledge,  and  Imve  the  students  to  imitate  what  we  have  done 
and  to  continue  to  think  that  they  have  developed  and  they  are  de- 
veloping their  own  knowledge  base.  It  is  not  working.  But  we  need 
training  on  thcMse  pedagc^es,  and  we  need  help. 

No  longer  we  do  that.  What  we  are  going  to  have  to  do  is  we 
have  to  ask  probing  questions.  What  if?  What  if  I  did  it  this  way? 
Tell  me  another  way  to  do  it.  And  my  students  had  a  really  tough 
with  that.  In  fact,  to  quote  one  of  my  seniors  in  the  fall  in  a  pre-cal 
class,  he  said,  **You  know,  Mrs.  Mosier,  if  you  would  just  stop  what 
you  are  doing  and  tell  me  the  answer,  we  could  get  this  lesson  on." 

18'., 
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We  can't  do  that  any  longer,  and  when  so  many  of  the  teachers 
in  the  classroom  do  it,  we  become  the  flag  bearers  and  the  pio- 
neers. 

We  need  help.  We  need  help  from  textbook  people.  We  need  help 
from  NSF,  Give  us  money.  Train  us.  Let  us  go  out  and  train  other 
teachers, 

I  have  established  for  myself  my  own  comfort  zone.  I  know  what 
works  for  me.  I  can  take  the  stuff  from  Michigan  State,  I  can  take 
the  stuff  from  NSF  and  Woodrow  Wilson,  but  no  matter  what,  I 
have  to  work  through  it  myself,  and  that  takes  time,  it  takes 
energy,  and  there  aren't  many  rewards  in  our  profession  that  tells 
me  that  I  u^  three  hours  every  day  researching  and  developing 
new  curricula,  I  don't  have  a  lot  of  perks  other  than  my  own  sense 
of  inner  pride. 

Just  like  Dr.  Saltman,  I  love  to  teach,  but  please  help  me. 

Tbis  October,  when  we  were  given  the  awards  for  the  Presiden- 
tial Awards,  I  have  never  felt  so  important  in  my  life.  I  really 
didn't  believe  that  this  happened  to  real  teachers. 

One  recommendation  I  give  to  this  committee,  don't  stop  with 
those  awards. 

I  felt  so  energized  when  I  came  back.  I  thought,  you  know,  I 
really  am  important,  I  milly  am  making  a  difference,  but  I  would 
like  to  see  awards  given  to  elementary  and  middle  school  teachers 
in  the  area  of  math  and  science.  Encourage  those  people.  Let  them 
know  that  math  and  science  can  be  real  and  fun  and  exciting. 

One  more  thing  I  would  like  to  share  with  you  about  one  of  our 
big  old  football  players  that  said  before  a  national  telecast— he 
says,  'If  you  have  a  message  to  send  to  the  nation,  to  all  the  math 
emati(^  teachers  in  the  nation,  what  would  you  send  them?**  He 
said,  "Tell  theme  teachers  not  to  stand  at  the  blackboard  any  more 
and  tell  me  all  the  answers.  Give  me  credibility.  I  am  smart.  Let 
me  try  to  figure  out  the  answers  myself." 

But  we  need  help.  We  need  training.  We  need  8upF>ort.  We  need 
network.  We  need  computers.  We  need  technology. 

I  went  out  with  grant  money  and  bought  graphic  calculators. 
They  are  the  most  wonderful  $60  instruments  you  have  ever  seen 
in  your  life.  In  a  matter  of  split  seconds,  we  can  graph  any  function 
you  give  me,  and  the  kids  go,  ooh,  ah,  what  is  happening?  What 
would  happen  if  1  changed  this?  What  would  happen  if  I  did  that? 

But  we  need  the  money  to  buy  it.  Help  us. 

[The  complete  prepared  statement  of  Ms.  Mosier  follows:} 
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I.     HOM  EFFECnVB  IS  THE  CURREHT  MTHBM^TICS  CUIWICULUW  THAT  TOU 
USB  AMD  WHAT  PROBLEMS  ARISE  IH  INTRODUCIKG  HEH  CURRICULA? 

Innovative  curriculum  con  be  aucceea fully  iwpleronted  at  a  local 
achool  if  focuaed  training  la  availafola  to  thm  teachers  *    It  wuat 
be  valued,  deaiyned^  and  nouriahed  by  both  local  teachera  and  ad« 
miniatratora  aa  well  aa  appropriate  district  personnel  and  the 
board  of  education*    The  training/i»plewentation  must  value  the 
teachers  aa  professionals  allowing  time  in  their  busy  schedules 
to  receive  the  training  and  to  become  responsible  for  their  own 
professional  cowraitroent  to  the  process  and  product.  The 
followiiTQ  narrative  of  the  succeaa  story  at  Fairdale  High  School 
(FHS)  aeeka  to  explain  how  innovation  has  helped  restructure  and 
refocus  the  curricula  at  FHS.    Through  a  series  of  diverse 
activities  described  in  this  narrative,  FHS  has  been  able  to  wake 
exciting  progress. 

Current  mathematics  curricula  at  FHS  secnn  to  be  adequate  for  some 
etudenta;  however,  we  have  continued  a*  a  staff  to  develop 
programs  and  curricula  that  best  suit  the  needs  of  more  of  the 
atudents.     Since  1986,  FHS  has  been  in  a  massive  rentructuring 
effort  to  design  curricula  that  develros  aelf -confidence  and 
eucceas  for  students  as  well  as  fostex  acadeinic  achievement,  FHS 
has  a  diverse  student  population  that  conies  from  both  rural  and 
inner  city  settings.     Fifty-eight  percent  of  the  student  body  is 
described  a    being  "at  risk"  because  they  are  one  to  two  years 
below  grade,  level  in  reading  and  mathematics. 

One  of  the  major  efforts  at  FHS  haa  been  in  the  teaching  of 
general  mathewatics.     In  fundamental  Mathematics  (9th  and  10th 
graders  below  grade  level) »  we  have  been  using  matiirials  that 
were  developed  through  Michigan  State  university,  titled  the 
MIDDLE  SCHOOL  MATHEMATICS  FROaECTS.     The  materials  were 
researched  and  tested  in  the  cJassrooRi  by  middle  and  high  srhooi 
t«?achers.    Our  focused  training  involved  four  teachers  from  FHS, 
along  with  fUeven  other  Jefferson  County  Public  School  (JCFS) 
teachers  and  was  funded  by  Title  II  funds.     In  this  program,  th^ 
^mphasis  is  on  concept  development  through  modeling,  language, 
and  game  playix.y. 

The  firat  year  we  used  the  siateriala,  we  saw  an  average  gain  of 
proficiency  skills  of  2,6  jfoars  with  a  rang«^  of  1.6  to  4,6 
ye^ara*     The  increase  in  Kentucky  Essential  Skills  Test  (REST) 
percentiles  was  equally  impressive.     The  average  pen:«ntile  gain 
of  reported  scores  was  21  with  n  rang^  of  negative  4  to  positive 
48.     Our  Bchooi  was  recognized  by  JCPS  as  having  excellent 
achievement  on  the  KEST  in  the  art>a  of  "Grade  9  Hath^  for  1987. 
A  significant  variable  in  the  claas  docign  was  low  clatjc  sire, 
and  we  truly  believe  that  it  was  a  cont^-ibuting  factor  to  the 
large  gains- 
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ThlB  U  an  laaue  on  which  not  all  adsainiatratora  are  willing  to 
cooperate.    Thia  a»biv«lenc«  about  claaa  alia  coirt>in»d  with 
staffing  conatralnta  often  leada  to  unwieldy  claaa  aiaa.    How  w« 
aro  In  the  third  yaar  of  uiing  tha  matariala  and  %fa  continue  to 
report  Btaady  gaina,     Thla  y«*arr  two  of  the  teachera  tean  with  a 
special  education  teacher  which  provide  ua  with  a  wider  range  of 
trainwi  profeaaionaia  in  uaing  the  nateriala  to  foater  confidence 
and  math^atical  achievement. 

FHS  knowa  tho  program  is  ©ff«Krtiv«,    However,  the  time  and 
Mteriale  needed  to  implement  the  teaching  atrategiea  can  be 
overwhelming.     For  thiri  reason,  many  teachera  in  tht)  training 
have  stopped  u«it;g  the  atrategiea.    it  is  much  easier  to  open  the 
txjok,  talk  a  litt.le  bit  and  aay  to  the  students, 

''Turn  to  page  93,  and  work  the  lirst  30  problfsws. 
Be  quiet  -  do  not  make  noise. - 

This  is  disturbing  when  contrasted  to  the  following  quote  from 
the  recent  report  EVERyMDjr  cpUNTS,  it  is  atated  that  ,   .  / 

"Research  on  learning  shows  that  iisost  students  cannot 
learn  raatheroatica  effectively  by  only  listening  and 
laitating;  most  teachers  teach  m^thmatica  Just  that  way.  " 

Society  doee  nut  usually  reward  teachers  for  innovative 
curriculum  and  working  thkee  hours  extra  each  day  to  coordinate 
and  researach  a  new  program.     The  perks  come  froia  student 
success,  peer  assistance,  admini<itrators  who  encourage  and 
support,  and  each  teacher's  own  sense  of  inner  pride. 

Thus,  the  reasons  for  success  at  FHS  are  suramarixed  as  follows^ 

1)  A  support  system  of  compatible  trained  teachers 

2)  A  supportive  local  administration 

3)  District -wide  training  opportunities.    The  JCPS 
system  is  coamitted  to  '^MKimixing  student  success 
in  a  supportive  envirorasent . " 

4)  A  sensitive,  creative  mathematics  specialist  who 
searches  for  effective,  innovative  curricula  for 
teachers  to  value  and  in^l^sent 

5)  Saiall  class  size  (between  10  and  20) 

^"5  ^^^^^  developed  expertise,  we  have  already  trained 
ten  middle  and  ten  elementary  teachers  and  plan  to  train  more 
again  this  summer.     The  significance  of  this  training  is  that  it 
is  done  by  teachers  who  have  used  the  aaterials  with  "real  stu- 
dents'^ and  they  can  relate  to  others  what  is  effective  and  what 
proauc«^s  maxisiuiB  auccesa. 
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W<»  continue  to  <=n\courage  our  i^chool  nyntem  to  retrain  i«or©  middle 
0chr»ol  teachers  t<i  ust?  these  materia Iw  and  atrategie«  because 
thia  will  allow  high  achoola  to  reach  more  atudentu  who  are  on 
grade  level,     FHS  \^uld  ultimately  like  to  retire  from  the  reiM- 
diatlon,  retraining  operation. 


Another  curriculum  endeavor  that  wo  introduced  at  FHS  is  a  Havhe- 
Mtics/English  Seminar  which  8t«rt:ed  four  year*,  ago  at  7  o'clock 
each  «K)rning  as  a  college  entrance  exam  prep  session  for  volun- 
teer students.    Today,  this  effort  is  designed  as  a  seminar  for 
seniors  and  a  computer  literacy  course  for  Juniors  for  first 
semester.     For  second  semester,  the  groups  are  interchanged.  Jn 
the  seminar,  test  taking  skills  are  reviewed  and  applied  to 
entrance  exams  in  the  area  of  mathematics  and  English.     I  team 
teach  this  course  with  an  English  specialist  and  next  year  we 
will  incorporate  a  reading  specialist.     The  computer  course  is 
taught  by  the  business  department  where  word  processing,  data 
base,  and  spread  sheets  are  taught.     In  defiance  of  research, 
students  have  reported  not  only  increased  scores  on  the  ACT,  but 
some  have  doubled  their  score^i  in  mathematics  or  English, 

Again  -  a  proven  succofs  story  and  problems  arose  with  the  state 
and  school  district  over  credit,  titles,  and  popul^^tlon  served, 
A  supportive  administration  and  counseling  staff  worked  through 
the  semantics  and  with  sound  teaching  objectives,  v^e  have 
designed,  implemented,  and  improved  curricula  to  b^^st  meet  the 
needs  of  students . 

There  was  no  formal  training  in  this  endeavor  -  only  the 
experience  of  one  teacher  whose  voice  was  heard  c  oncerning  low 
ACT  scores  that  did  not  match  their  high  G,P.A,'8, 

It  is  our  hope  to  train  more  of  FHS's  staff  with  some  of  the 
strategies  we  use  to  better  enable  all  our  students  to  retain  and 
to  construct  their  own  knowlifiKlge  base.     The  areas  of 
concentration  will  be  spiral  learning,  study  skillsi  reading 
comprehension,  and  writing  ski  He. 

We  continue  to  experience  that  student©  are  best  served  in  an 
environment  where  the  teaching  prof«issionals  aro  empowered  to 
design  curricula  to  beat  fit  the  needs  of  the  students  they 
serve.    This  empowerment  of  teachers  will  in  tvrn  emp\*>wer 
students  with  self-confidence  and  their  own  knowledge  base. 


1 


ERLC 


189 


Another  retraining  e)«p**rienc©  for  ra©  vam  participating  in  a 
If'^'^u  Wilfton  National  Fellowahip  Foundation  Institute  (WWNrFI) 
on  Technology  and  the  Kathw«aticB  Curriculum.     Th<%  content  waa 
primarily  at  the  precalculu«  level.    The  eGflsions  in  thia 
training  were  stimulating  and  valuable,  again  l^*auae  the 
training  was  given  by  teachers  who  had  tried  the  techniquea  with 

real  atudente.'*    The  point  ia  that  curricular  endeavora  can  only 
be  succeaaful  when  they  are  researched,  designed,  implemented, 
and  evaluated  by  teachers  in  the  clasaroom  through  a  coilcbora- 
tive  effort  many  times  with  universities  and/or  businesses. 

In  the  institute,  we  were  introduced  to  strategies  on 
incorporating  technology  (computers,  graphic  calculators)  into 
the  precalculus  currirrulure,    Coimounlcat ions  (written  and  oral) 

^u"*  '"'"''^  "^"^^"^  applications  were  stressed.  The 
networking  with  other  teachers  was  al«o  valuable  and  support  has 
x>een  present  the  whole  year.     The  University  of  Louisville  (I)  of 
h)  i^apportGd  the  training  in  collaboration  with  JCPS,  of  ferine 
both  university  credit  or  inservice  training  in  addition  to  a 
stipend.     These  kinds  of  incentives  are  extremely  attractive  to 
the  classroom  teacher  and  certainly  invite  participation. 

The  problems  in  implenient ing  the  new  strategies  have  been? 

J)  Convincing  parents  and  students  that  reading  with 

comprp  hens  ion  and  or^l  and  written  communicat  loii  are  «n 
integral  part  of  a  mathematics  course. 

2)  Developing  self-confidence  it   students  as  the  focus 
of  instruction  changes  from      xplanation  and  exampies 
given  via  teacher^  to  discos  /y  techniques  where  the 
student  in  Asked,   -Why?    Tell  me  another  way.     what  if.,? 
Can  you  estimate  a  reasonable  answer?    You  corrfrt  it, 
Vake  a  riskl'     The  stufi  nt  becomes  the  worker,  and  he  is 
responsible  for  his/her  own  learning,     (Ideas,   ft^m  Ted 
Sizer's  Coalition  of  Essential  Schools). 

(A  student's  frustration  was  so  appropriately  expressed 
at  the  beginning  of  the  year  when  he  said,   'If  you  would 
only  tell  me  the  answer  -  we  could  go  on.") 

3)  Encouraging  faculty  members  to  incorporate  scientific 
find  graphic  calculators,  computers,  and  data  proj^^ction 
panels  into  their  instructional  plan.    We  must  continue 
to  allow  all  students  to  experience  mathematics  as  it 
emerges  from,  and  is  applied  to  the  real  world,  what 

«  tool  the  technology  is  to  permit  all  the  inve«tiqa-. 
taon  to  ocvurll  It  is  no  longer  appropriate  or  sound 
pedagogy  to  complete  pages  of  irrelevant  computation. 
Research  is  stating  that  students  will  not  become  ex- 
l^rts  through  explanations  or  readily  solved  examples. 
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Thfj  Rtudont  must  investigate,  pond«r,  And  conquer  tho  knowledge 
for  hlm/hernelf  (Blals).     FVERYBODY  COUHTS  rf^porte  t.hats 

•^A  mathawatica  curriculiw.  that  wiipha»iK©a  coi^utation  and 
rules  la  )ik©  a  writing  curriculua  that  ^B^SiaaiMR  granenar 
and  spelling;  eraphaalB  on  raechanlca  of  »ath^iatic«  not  only 
inhlbita  learning,  but  «l«o  leads  to  widespread  misconcep- 
tions among  the  public  concerning  strengths  and  limitations 
of  mathematical  methoHa," 

To  investigate  mathematics  via  technology  requires  a  financial 
cona^itment  frcmi  local  school  districts.     Again,  the  JCPS  eymtem 
supports  the  use  of  technology  and  the  training  of  teacher*  in 
the  une  of  that  technology.    Through  a  collaborative  effort  with 
parents  and  bueineea  groups,  all  schools  in  the  JCPS  system  have 
a  computer  lab* 

FHS  hak*  the  following  computer  labst  Tandy's  for  the  mathematics 
department,  IBM's  Cor  the  buBinese  department,  Macintosh's  for 
writing  armas  the  curriculum,  and  Apple  lie's  in  a  roathematica 
classroom  to  enhance  instruction.     To  assure  optimal  usage  of 
these  labs  requires  a  coordinator  with  training  and  software 
knowledge. 

In  concluBion,   innovative  currlcuiar  and  mathematics  reform  will 
not  occur,  no  matter  how  much  research  and  planning  the  peri- 
pheral groups  support,  unlesa  the  mathematica  teacher  is  consmlt- 
ted  to  the  need  and  the  process.    The  only  pereon  that  can  bring 
aieaningiul  and  lasting  change*  ie  thn  teacher. 
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II.       HAVE  you  USED  ANY  NE«  COHRICULhR  MATERIALS  DEVBLOVED 
THROUGH  NSP  SUPPORT? 

The  new  currlcular  iwsterials  that  I  have  ueed  through  NSF  support 

♦  COMAP      The  New«l«ttc3r  of  the  ConBortiuo  for  Mathi^^ 
matica  and  ita  AppUcatione 

•  Woodrow  Wilson  National  FVjIlowiihip  Foundation  - 
National  Science  and  Mathematica  LHRad«r»hip  Program 
Materials 

*  Workchope  and  materials  no  generously  donated  through 
the  Presidential  Award  for  Excellence  m  Mathematics 
and  Scienco  Teaching  ^PAEMST),  1908, 

•  Introduction  to  College  Mathematics,  developed  by  the 
Mathematics  t>epartmeni  of  the  North  Carolina  School  of 
Science  and  Mathematics.    The  materials  are  funded  by 
the  Carnegie  Corporation  and  are  in  response  to  reports 
by  the  NSF  to  begin  preparing  students  for  their  lives 

in  the  21st  centary.    The  course  emphaaizes  a  wathematice 
of  real-world  application  with  integrated  technology. 

III.      IN  WHAT  WAYS  DID  YOUR  PARTICIPATION  IN  A  TEACHER  TRAINING 
INSTITUTE  CONTRIBUTE  TO  YOUR  EFFECTIVENESS  AS  A  TEACHER? 

The  NSF  teacher  training  institutes  that  I  have  attended  have 
greatly  increased  my  repertoire  of  knowledge,  provided  a  network 
of  collegial  support,  and  revived  my  teaching  spirit,  not  to 
fff^il!!^  the  opportunity  to  earn  college  credit  and  to  receive  a 
Btlpend  at  the  same  time.     The  institutes  also  give  me  an 
opportunity  to  thin.;  through  my  teaching  approaches,  and  I 
continually  review  better  ways  to  do  things. 

In  the  mid  60' s,  I  was  trained  in  ^<ivancefi  techniques  of  alaebra 
and  geometry,  and  in  the  early  70 's,  wo  pioneered  the  teaching  of 
lI::^\^Se^.  computer  programming.    We  had  one  ccmiputer  terminal 
per  JCPS  (in  a  closet),  nnd  we  coupled  into  the  U  of  L  via  tele- 
phone.    Many  of  the  first  students  I  trained  went  Into  computer 
programming  and  engineering  as  a  career,    we  all  know  that  tech- 
nology has  certainly  com©  a  long  way,  but  the  frightening  aspect 

fi!'  *T  trained  teachers  is  that  rxost  have  retired  or 

will  within  the  nent  decade, 

This  summer  I  participated  in  the  WWHFFI  that  is  partially  ftmded 
Dy  NSF.    We  are  using  t  j  materials  from  the  institute  through 
technology,  applications,  and  writing. 

This  fall  I  had  the  great  pleasure  of  being  selected  the  PAEMST 
^^Lfw^i^r^^-  accolades,  coixegial  support,  and  workshops 

provided  to  us  through  NSF  have  been  encouraging  and  far  beyond 
^*o^o^!i  dreams.     The  training  and  rewarding  oi  mathematics  and 
science  educators  must  be  a  rontf nued  torus  ^nd  priority  of  NSF 


ERIC 


192 


IV.       WERE  you  ABLE  TO  TRAHSrER  NEW  TEACHING  SKILLS  OR  CURRICULAR 
MATERIALS  ACQUIRED  FRCW  THE  INSTITUTE  TO  tOUR  COLI^GUES 
IN  YOUR  SCHOOL? 

The  transfer  of  new  teaching  skills  or  curricular  miterialB  from 
the  Institute  i»  shared  with  colleagues  in  my  school  and  other 
schools.     It  is  always  rewarding  to  learn  new  techniques,  develop 
the«i  with  ifiy  students  within  siy  own  cosifort  «oner  and  then  to 
share  them  with  my  colleagues.    Now  experiences  and  techniques 
can  be  shared  in  JCPS  through  insorvice  opportunities  wh^re 
teachers  are  invited  to  share  with  other  teachers* 

Kentucky  Educational  Television  (KBT)  recently  filmed  a  lesson  on 
-slope**  at  FHS  to  exemplify  teaching  strategies  that  correlate 
with  the  NCTh  Standards.     The  lesson,  fro»  the  Itothematics 
Teacher,  used  the  discovery  approach  btffore  the  aigorithm  was 
presented.    Computers  and  graphic  calculators  were  used  to 
facilitate  the  discovery,    '^he  communication  that  occurred 
amongst  the  students  as  they  pondered  and  established  their  own 
knowledge  base  on  to  what  *the  slope  of  a  line"  weans,  was 
totally  enemplary  of  "students  at  work,  doing  mathematics."  Th« 
lesson  is  part  of  a  documentary  that  will  be  offered  to  school 
districts  nationwide.     It  will  be  presented  in  Orlando  this 
spring  at  the  NCTN  conference.     The  strategies  anu  approaches, 
software  and  technology  ware  currlcular  suggestions  that  were 
presented  at  HWWFFl. 
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V.       WHAT  APE  YOUR  VJEWS  ON  HOW  TO  IKPROVB  SCIERCE  AND  MATHE- 
MATICS INSTRUCTIOK  IH  THE  NATION'S  SCHOOLS? 

Am  w  view  improvements  in  »«tiematic»  and  acience  instruct Uin  in 
the  nation's  schcMsls,  w©  must  sn  roaliee  thnre  ure  "^no  quick 
fiJies  or  Answers.*^    Various  groups  have  been  studying  raathomatics 
and  science  refoim  for  nearly  a  decade,  and  it  is  time  for 
Action.    The  following  issues  are  points  of  consideration. 

*♦    Increase  teacher  training  opportunities  which* 

«)        update  mathematics  and  science  teachers  in  wathejnat leal 
and  science  content.     The  HSV  academic  yearly 
Institutes  of  the  sixties  way  need  to  be  revived, 

b)  train  teachers  in  the  effective  use  of  technology  in 
the  classroom  (graphic  and  scientific  calculators, 
computers,  and  data  display  panels Every  mathemat irs 
and  science  t#^acher  should  hnve  at  least  one,  computer 
and  a  data  projection  panel  for  their  classroom.  This 
is  In  addition  to  the  programmAng  lab, 

c)  develop  and  support  research  bfised  effective 
methodologies  such  aa  modeling,  conuRunicat ion  (oral  and 
written! ,  problem  solving,  and  the  active  involvement 
of  students   "doing  math«*maticB . 

Collaborate  with  thr^  universities  concerning  pretoarher 
training  to  provid*^  ^'cholarshipa  to  capable  students  willing 
to  major  in  mathen»Atics  or  science  education . 

**  AssiMt  universities  and  local  school  districts  to  collabora- 
tively develop  effective  programs  that  train  mathematics  and 
science  specialists  for  elementary  and  middle  schools.  Con- 
cept development  and  positive  attitudes  would  increase  while 
mathematics  anxiety  should  dRcrease. 

We  must  promote  number  sense  in  cur  youngsters  and  allow  them 
to  explore  the    magic-  of  mathematics  at  an  early  age.  Allow 
them  to  experience  maiheBNitics  as  a  tool  to  solve  real  world 
phenomena.    The  only  way  students  can  establish  a  comfortable 
Knowledge  base  with  respect  to  mathematics  and  science  is  to 
have  knowledgeable  and  experienced  teachers  leading  the  in- 
struction, thus  the  need  for  elementary  and  midtile  school 
mathematics  and  science  majors. 

•*    Encourage  local  schools  to  create  an  environment  where  tea- 
chers are  empowered  to  des^ign  curricula  that  best  fits  the 
needs  of  their  student  population.     The  learning  environment 
snoulct  be  an  atmosphere  of  i -ademic  achievement  with  self- 
confident,  surcesfifui  students  in  a  teacher  controlled  in- 
structional process.     Lawmakers  and  local  school  districts 
can  JaciU tate  this  autonomy  of  local  schools  through  sup-- 
port  of  principals  who  act  as  instructional  leaders/ 
f aci 1 Itators . 
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e)     Reward  achool -based  «ffortii  by  cn^atlv^i  and  »uccM«ful 
science  and  mathwatics  teachers  and  s«t  up  fellowships 
for  th€«a  to  work  with  other  teachers  for  one  y^ar  to  foster 
and  spread  their  success, 

b)  Have  lead  mathematics  and  science  teachers  in  each  school  who 
teach  part  of  the  day  and  consult  with  other  teachers  for  the 
remainder  of  the  day.    They  should  be  responsible  for  orga« 
nlElng  departMntal  reforsjs,  coordinating  research  and  tech- 
nology, and  aiding  colleagues  in  effective  pedagogies.  Ali 
professionals  need  to  stop  protecting  "turf"  and  allow  true 
reform  to  occur  that  has  student  success  and  academic 
achievement  as  the  opti»u«  ^asure. 

c)  Allow  schools  fleicibllity  in  schedulinij  the  school  day/year. 
Allow  students  time  for  Independent,  long  range  projects,  in- 
terdisciplinary study,  and  to  establish  their  own  knowledge 


Teachers  also  need  more  time  -  lengthen  the  school  year  to 
allow  for  research,  curricular  '•ovelopfoent ,  training*  goal 
setting,  parent /student  conferences,  colleglal  sharing  and 
observations  * 

Interaction  between  the  experts  serving  on  various 
boards/ task  forces  who  have  b^en  researching  mathematics  and 
science  educational  reform  and  local  school  districts/ 
teachers  should  occur  to  facilitate  and  advise  any  re- 
structuring efforts.   Investigate  pedagogies  and  currit^ula 
that  best  »eet  tne  needs  of  the  students  in  that  area 
School  boards  »ust  commit  per  dies  monies  to  fund  this  en- 
deavor « 

**    The  progran  of  mathematical  and  mcLmnc^  study  needs  to  be  a 
continuous  {K-12)  curricula  that  Is  desianding  but  supportive, 
and  meets  the  needs  and  dewands  of  today's  technological 
world.    The  mathematics  and  science  must  be  rigorous  and 
substantial. 

In  this  rigor,  number  sense  for  our  youngs '*:ers  wust  be 
developed*    The  literacy  of  nujrf>ers  is  critical  to  the  2lst 
century  and  leads  to  problem  solving,  higher  order  thinking 
skills,  inodeling,  and  decision  swklng.    Today's  society 
continues  to  bombard  us  with  a  proliferation  of  data. 
Mathematical  curricular  reforms  wust  be  sensitive  to  teaching 
students  how  to  organise,  manipulate,  discuss,  and  make 
inferences  frcoi  that  data.    To  develop  these  skills,  the  HCTW 
standards  purport  an  emphasis  on  probability   ,nd  statistics 
and  discrete  mathematics.    Obviously,  technology  is 
invaluable  in  storing  and  sianipulating  the  data.     There  is  a 
need  for  training  and  materials  in  light  of  this  curricular 
emphasis . 


base. 
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Mathematics  t«xtl)ook  publlshBru  wunt  writ©  t«Kthooki!  to 
rofioct  the  chAngne  in  content  and  emphaaed  in  K-12 
mathOBatlca,  aupported  in  the  NCTM  Standards.     Kanti-rky  haa 
delayed  m«the«atica  textbook  adoptionn  for  one  year  in  hop^a 
that  the  publiuhors  will  provide  lextB  that  enhance  the 
pedaqogiea  and  curricula  recowmended  in  the  Standards.  The 
delay  occurred  because  of  recoinmendationB  by  matheraatlca 
teachera,  superviaors,  and  adminiatrators . 

Begin  an  intensive  national  Pro-Education  campaign  «i„i(,d  at 
all  populations  (Ashland  Oils  ef torts  are  exemplary). 
Maanive  education  of  parents  to  lessen  mathematical  anxiety 
and  to  increase  problem  solving  skills  in  the  home  is 
noeessary.     The  PTA  ie  a  perfect  torun..  Successful 
mathematics  and  science  teachers/parents  could  lend  practical 

fh"''  ^^^'^  -"diences.     The  time  of,   -i  was  never  any  good 
at  mrth    should  no  lonqer  be  worthy  of  a  "merit  badge." 

Contlr.up  to  fund  the  PAEMST  but  expand  the  awards  to 
eiiv-ompass  the  elementary  and  middle  school  levels  in 
wathematics  and  science.     Do  not  allow  the  President  to  skip 
^.^^h***^  r  ^^'^'"^'^y  t«  honor  the  Uia  Angeles  Dodgers  or  other 
:duca^?::n"her'::r''-  -  -uthent legally  K.nor 

Mathematics  and  science  teachers  must  lie  an  integral  part  of 

to^i^^l'fn^!'^"'^  """^  P'<'f«««i«n«l  obJi?«tion 

to  continue  to  -ead.  discuss,  and  act  on  research  that 
address  mathematical  educational  needs.     Our  pedagogical 
™TI^??  ^  redesigned  to  Increase  understanding  and 

retention  of  mathematical  concepts  and  processes.  The 

!;!2»Hr""**  rr  '^''^        ^""""^  """^  ^  updated  to  address  the 
needs  of  the  Jlst  century.    Changes  i,.  content  and  omphiiBeK 
in  critical   (NCTM  Standards).     As  stated  before,  oni?  the 
teacher  can  bring  meaningful  and  lasting  change. 
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Blai»«  nonald  M,     *ConRtruc:t.ivi*>w  -  A  Rhmiif.^tical  Rr^volutlon 
for  Algobra."     Math*?m«tlc«  Toacher .       (Novf^mbf^r,  198B) 

National  R«««arch  Council,     Everybody  Countfi,     A  R  tport   to  t  ho 
Nat^-^n  on  thp  Futuri*  ci  MathmnaticB  Education, 
Waahinyton^  D.CwS  National  Academy  Prewn.  13R9. 

National  Council  of  Teachor«  of  Hat hfimal icft .    I'urriculum  Eval- 
uation Standards  for  School  Mat  h«*mat  ic«  . 
(Draft).  Viiglniai  NCTW,  1987. 

Guatafaon,   D«^borah  Ann  ThompRon,    "Skiing  th»?  Slopofl." 
Mathematira  Tearhr.r,   | l>«*cerob«»r , 
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PH0FESS10NA3U  EXPEAIEHCE 


1426  floa««#ood  Avtinue 
Loul8viU«,  KY  40204 
502-456-1505 


UTS.  JoAnn  Koeler 
Paif?dal#  High  School 
too:  Pairdale  Road 
Pairdalei  ky  40118 
S02-454-8248 

Jeffereon  County  Public  School « 
Louisville,  KY  40232-4020 

Teach ing^  experience 

♦  Fairdale  High  School  (Wnthematicii  Tocher) 

♦  Unlv«r»ity  of  LoulnviUe 
(Lecturer  in  Matheroaticw ) 
Indiana  Univ<Rraity  Southenst 

Spalding  Univer«ity 

*  St.  Agnee  Academy,  F«rn  creek  High  School 
Thomaa  j«ff©rBon  High  School 

^DWCATIpHAL  RFLATEp  EXPERIENCE 

*  Hathewatica  Tutor  (self -.(employed) 

•  Curriculum  Writar  (Heath  Pufoliahera, 

Addiaon  We«l©y,  Hai court,  Brac«^^ 
Jovanovich,  JCPSf 

•  Conference  Presenter  (Kentuc!;y  Educa- 

tional Computer  Conference, 
Ohio  Council  of  Teacher*  of  Hath^matica 
Kentucky  Cou,.cn  of  Teachers  of  Mathf^tJcn 
Ohio  Valley  Educi^tional  Cooperative 
Leadership  Conference  . 
Kentucky  Aasociation  of 

School  Administrators  1986 

*  Inservicci  Presenter  (Greater  Louisville  Council 

of  Teachers  of  Mathematics,  FHS  Mathem^^^  .c» 
Oepartaent,  JCPS,  Marion/Washington  County, 
Fort  Knox/EIiEabethtown  Counties, 
Louisville  Catholic  Archdiocesan 
Teachers 

•  Mathematics  Team  Sponaor  and  Kentucky  High 

School  Kath  Contest,  FHS 
Gheens  Professional  Development  Academy 

Faculty  Representative, 

Steer iiig  Committee  Member 
KET  Planning  Cc^nraittee  to  design  straterlc^ 

that  exbstplify  NCT»1  Standards 
Merit  &  Evaluation  Teaia  for  the 

Mathematics  Department  of 

Fayette  County  Schools 


August .  1985 
Present 
1976  «  1985 

1978  -  1979, 
1981 
1995 

1964  -  1975 


1975  -  present 


1987  -  preeent 


-  1987 


1986 

1985  - 


present 
present 


1987  -  present 
1989 


1989 
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PROFESS  I  ONiflL  TRAINING 

♦  ilnivi^rsity  of  Louisville  fRank  J, 

Cfirtitled  In  Supervleion, 
Haater  of  hrtm^  Mathi^matica 

•  Spalding  University  (Bachf?lor  of  kitm, 

Hathoroaticfi ) 

PROFESSIONAl,  0RGJM«IZAT1UNS 

•  National,  Kentucky,  and  Greater  l^uinvilio 
Counclla  of  T^i%ch$fr»  of  Mathoinat  irn 

*  The  Mathematical  A«aociation  of  JUnerica 

•  National,  Kentucky,  Joffemon  County  Education  Aei^oc  tation 

♦  Df^lta  Kappa  Gairana,  Sigma  Chaptor 

HONORS  AND  AWARDS 

*  National  Scit^nre  Foundation 
Grant  Reclpi«^nt 

•  Kentucky  State  Teacher 

*  Gen^*ra\  Electric  foundation'"  Wath 
Twachern  Recognition  Program,  $1,000  Grant 

•  Rellarnan«  College  I^adn^rRhip  Education 
Participant 

*  NEA  Sympoaluw  on  School  Baned  Reform 
Participant 

•  Greater  LoulBvllle  Council  of  Te«chi»ra  of 
Hathematlca  "Excelli^nre  In  Teaching 
Hathowatlco"  Award 

•  Kentucky  Preaidential  Awardwe  for 
Excel loncc*  In  HathematicR  nnd  Science 
Teaching  (NSF),  $7,500 

OTHER  ACTIVITIKS 

*  Kentucky  Eaater  Seal  Hearing  and 
S()eech  Board 

•  Tyler  Park  Neighlnu  tuiad  ARROciation  Board 

*  St,  Agn<?ra  Elcwent«ry  School  Board 
Vice-Chairperson 

*  St,  Agne»  Ele»«nt«ry  School  Math  Counta  Coach  1988 

•  PTA  proBenteri  St,   JamoR,  St.  Agnea* 

Our  l»ady  of  Lourdea  l^^-^  ^  ^^^^ 

PERSONAL 

Husband,  Rudy  Mo6it*r  ,  Band  Pi  Terror  in  Oldham  County 
School  Syatom 

Children,  two  daughtcra.  Holly,  age  14,  Kriatl,  age  12 


1980 
1971 
1964 


1966,  19/^ 
1971 

19«7 

19B7  -  1988 
1987 

1988 

1988 

1980  -  19B^ 
-  J985 

1984  -  1987 
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Mr.  Walgrkn.  Well,  thank  you  very  much,  both  of  you.  for  being 
what  you  are.  and  the  awards  that  you  rece  ved  from  the  Presiden- 
JK.*  certainly  were  well-deserved,  and  we  hope  we  can  create 
that  kind  of  enthusiasm  elsewhere  as  well. 

Mrs.  Keranen. 

STATEMENT  OF  KATHRYN  KERANEN,  aKJPKK  INTERMEDIATE 

SCHOOL.  McLean.  VA 

Mrs.  Keranen.  I  took  a  course  last  year  at  the  University  of 
Maryland  that  was  sponsored  by  the  National  Science  Foundation, 
and  It  was  on  microcomputer-based  laboratories,  and  I  would  just 
like  to  teke  a  couple  of  minutes  to  tell  you  what  effect  this  had  on 
my  teaching. 

I  went  over  there  and  I  started  this  course,  and  by  the  first  day  I 
knew  I  was  m  a  situation  that  I  hadn't  been  in  in  about  23  years, 
and  tiiat  was  i  was  taking  a  course  that  was  going  to  be  about  sci- 
ence.  I  had  had  to  take  so  many  courses  that  had  nothing  to  do 
with  science  that  I  thought  science  was  something  I  hallucinated 
about  in  college.  [Laughter.] 

I  mean,  I  thought  this  man,  he  knows  what  he  is  talking  about 
he  IS  excited.  He  was  a  specialist  in  his  field.  As  most  physics 
teachers,  he  was  all  excited  about  this  heat  energy,  and  i  I  lis- 
tened to  him,  something  about  it  inspired  me.  I  came  back  to  my 
cla^room,  and  I  wasn't  worried  about  color-coordinated  bulletin 
boards  and  i.:ning  the  children  in  groups  and  looking  to  the  right 
and  lookmg  to  the  left.  I  thought,  I  am  supposed  to  be  teaching  sci- 

I  came  back  to  Fairfax  County,  and  they  allowed  us  like  two 
weete  to  use  what  we  had  learned  and  develop  new  curriculum  just 
for  Fairfax  County.  After  we  did  this,  I  submitted  that  book  to 
thef:-  people  at  the  University  of  Maryland,  and  they  must  have 
taken  aours  because  they  went  over  each  lab  and  gave  us  technical 
assistance. 

I  don't  know  if  any  of  you  know  it  or  not.  but  in  the  classroom  if 
you  don  t  know  something  and  you  ask  the  teacher  next  door  and 
they  don  t  kno\y  it,  you  just  go,  well,  I  am  not  going  to  teach  that 
bemuse  I  don  t  know  it.  And  that  is  what  happens. 

But  th^  people  we-e  giving  us  technical  assistance  about  stufi" 
that  we  didn  t  know,  and  they  were  saying,  well,  you  should  revise 
this  and  do  it  this  way  and  do  it  this  way. 

Plus  the  fact  Fairfax  County  had  given  us  a  lot  of  new  equip- 
ment, and  I  mean  that  sounds  wonderful,  but  you  take  a  45-year- 
old  woman  and  you  set  her  in  the  room  with  eight  computers  and 
then  you  give  her  eight  new  pieces  of  software  and  they  have  light 
^"If'ln^"  pH  meters,  and  then  you  say,  now  you  get  all  this  to 
work.  That  is  hard,  and  I  have  called  these  people  up  time  and 
tune  again,  and  they  have  come  to  my  aid  to  fix  this  equipment 

After  we  wrote  this  curriculum  for  Fairfax  County,  we  gave  sev- 
eral in-servicjw  with  people  in  the  county  which  involved  them  in 
„.P^^^^-        National  Science  Foundation  instructors  came  to 
all  these  in-services,  or  most  of  them. 

The  summer  workshop  dealt  mostly  with  heat  and  tempen  ture 
probes.  But  the  little  bit  of  training  I  got  there  enabled  me  to  go 
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on.  I  mean,  1  have  done  voltmeters,  pH  meters,  sound  sensors,  I  am 
now  involved  with  this  strain  gauge.  It  opened  a  whole  new  world 
forme. 

I  went  back  to  my  school.  I  set  up  a  computer  lab.  Everything 
that  they  taught  me  every  teacher  in  my  school  knows  now,  and  all 
the  children  in  my  school  are  going  through  this  lab.  So  you  have 
to  say  this  kind  of  has  a  ricochet  effect, 

I  huftve  h&en  reading  in  the  paper  and  I  know  science  and  math 
have  TOme  under  a  lot  of  criticism,  and  I  truly  believe  that  the  way 
education  is  going  today  we  are  going  to  raise  a  generation  of  chil- 
dren. They  are  going  to  feel  wonderful  about  themselves.  They  are 
not  going  to  know  anything,  but  they  are  going  to  feel  really  good. 
You  know,  I  just  keep  thinking  something  is  not  right  here. 

So  the  last  part  of  my  testimony  probably  has  to  do  not  only  with 
motivation,  but  enthusiasm,  because  the  one  thing  you  can  give  to 
a  teacher— I  don't  care  what  else  you  give— if  you  are  excited  about 
something  you  can  get  your  children  excited,  and  that  is  what  this 
summer  did  for  me-  The  people  that  taught  this  was  excited.  It  got 
me  excited,  and  I  in  turn  have  got  my  school  and  my  county  excit- 
ed about  the  curriculum. 

[The  complete  prepared  statement  of  Mrs.  Keranen  follows:] 
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Testimony;    Xathryn  JCeranen 

Committee  on  Science.  Space,  and  Technology 

Purpose:    To  review  National  Science  Foundation  programs 

that  support  development  of  currlcular  roaterials 
for  precollege  science  and  mathematics 
Instructions  and  programs  that  provide  m-^ 
service  teacher  training. 

During  the  summer  of  1980,  under  a  middle  school 

protoeware  project  supported  by  a  grant  frc^  NSF,  TPE 

8751744,  and  taught  by  Dr,  John  Layman  and  Dr.  Joe  Kr:*jcik, 

training  worktops  using  HRM's  Heat  and  Temperature 

Microcomputer  Based  Laboratories  <KBL>  were  conducted. 

These  workshops  provideo  selected  eighth  grade  teachers  with 

knowledge  and  experience  using  microcomputers  in  sci.-nce 

laboratories.    The  following  testimony  is  my  experience 

gained  from  participating  In  this  program  and  the  resulting 

Impact  on  my  individual  school  and  my  school  systeni. 

Before  I  participated  In  the  «BL  workshop,  jny 
experience  with  computers  and  interfaces  had  been  three 
days'   Inservice  training  by  Fairfax  County  Public  Schools 
and  individual  exper  imentat  icn,     ^3y  participation  in  the  MBL 
workshop  provided  me  with  an  opportunity  that  I  had  not  had 
in  my  twenty  three  years  of  teaching.     It  was.   first  of  all, 
one  of  the  few  courses  in  pure  science  in  which  I  had  been 
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involved.    Teachers  are  r^iulred  to  tr^Ke  numero.;^  courc^es 
that  have  little  or  nothing  to  ao  with  science.     Science  is 
such  an  ever-changing  field  that  U  Is  important  to  focus  on 
new  developments  as  well  as  to  refccus  cn  the  Csi^^lc 
commitment  to  the  scientific  method.     This  MBL  course  was 
taught  by  a  competent  professor  and  specialist  In  the  fieicJ 
of  WBL.     I  went  Dack  to  my  cUsi5roc»n  with  increased 
scientific  knowledge  and  not  educational  Jargon  on  group 
work,  and  color  coordinated  bulletin  boards,  teacning  of 

science  itself  became  revitalized,  and  my  content  was 
suddenly  not  stagnant. 

After  participating  in  the  MBL  course,  Fairfax  County 
gave  the  participating  teachers  time  to  develop  labs  using 
MBL  that  fit  our  specific  curriculum  in  Fairfax  County,  The 
handbook  we  devised  was  read  and  corrections  were  made  by 
the  NSF  professor.    Technical  assistance  of  this  type  is 
indispensable. 

After  writing  a  MBL  lab  booK  for  Fairfax  County 
teachers,  my  colleagues  and  I  gave  three  Inservlces 
explaining  MBL  and  helping  teachers  use  them.    Many  of  these 
workshops  were  attended  by  the  NSF  sponsor • 
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The  sunvner  workshop  dealt  mainly  with  HRM  heat  ana 
temperature  probes.     However,  the  training  I  received  with 
this  probeware  allowed  me  to  be  confident  enouoh  to  explore 
other  probeware  and  develop  curricula  to  support  the  use  of 
light  sensors,  sound  meters.  pH  and  voltmeters.     I  am 
currently  Investigating  the  use  of  strain  gaqes  with  the 
vol tmeter . 

Upon  returning  to  my  own  particular  school,  I 
established  a  science  coir.puter  lab  where  experiments  are 
done  with  the  computer  used  to  collect  data.     Support  from 
Fairfax  County  Office  of  Instructional  Technology  and  my  own 
school  administration  enabled  this  to  be  accomplished.  The 
five  other  teachers  in  ray  department  also  use  the  cranputer 
lab  and  my  training  has  been  trananitted  to  all  of  them. 

Science  and  math  have  been  under  criticlsnj  lately 
because  of  the  failure  to  produce  superior  test  scores.  I 
do  not  find  this  hard  to  believe  and  contribute  this  partly 
to  a  let  down  of  pure  science  being  required  by  both 
teachers  and  students.     I  hope  in  the  trend  to  make  all 
students  -fee!  good  about  themselves'  we  don't  raise  a 
.-eneratlon  of  children  that  do  not  Know  basic  science. 
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The  last  part  of  fr.v  testimony  has  to  do  with  the 
teacher  as  a  rr.otivator  :o  learning.     If  I  am  to  be  the 
motivator  for  my  students,  I  occasionally  need  to  be 
motivated  as  welU    Many  teachers  hear  the  same  mundane 
things  year  after  year  after  year,,, state  your  objective, 
conclude  the  lesson,  group    the  children,  vary  your  style. 
All  of  this  Is  fine,  but  science  In  Itself  can  be  much  more 
exciting  If  the  teacher  has  a  broad  background  of  scientific 
knowledge.    There  has  always  been  the  debate  about  content 
versus  teaching  skills.     An  Ideal  situatioj^  Is  a  good 
teacher  with  adequate  content  knowledge,  while  an 
unacceptable  situation  Is  a  good  teacher  with  little  content 
knowledge.    Many  teachers  do  not  have  anv  further  scientific 
training  after  they  leave  college.  Though  it  may  be  true 
that  teachers  of  eighth  grade  physical  science  do  not  need 
graudate  courses  in  science  to  teach  that  curriculum  they 
do,  however »  need  updated  and  correct  scientific 
Informat Ion , 

The  National  Science  Foundation  grant  enat>1ed  me  to 
gain  new  science  knowledge,  use  my  expertise  to  develop  new 
curricula,  and  to  Introduce  that  curricula  In  my  classrocaii, 
my  school,  and  my  county. 
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Mr.  Waloren.  Well,  thank  y^u  very  much  for  sharing  those  fsel- 
mgs  with  us,  and  I  wish  time  would  permit  us  to  go  further  with  it 
but  I  thmk  I  have  to  turn  to  the  last  panel. 

My  reaction  is,  gee,  I  don't  want  to  do  this  any  more.  I  want  to 
go  do  that,  and  so  there  is  something  that  is  very  infectious  about 
the  way  you  are  approaching  these  areas  and  the  subject  matter 
Itself  and  what  it  means  for  people  and  how  it  fits  in  with  what  we 
want  to  do  with  life. 

So  I  hope  we  can  play  a  real  role  in  giving  you  the  resources  to 
spread  that  as  far  as  you  possibly  can.  So  thank  you  very  much  for 
being  a  resource  to  us.  ^         j  i 

Let  me  call  then  tlie  last  panel— Dr.  Richard  Atkinson,  who  you 
folks  know  IS  President  of  the  American  Association  for  the  Ad- 
vanwment  of  Science  and  also  the  Chancellor  at  the  University  of 
C€uifomia-San  Diego. 
Is  that  Dr.  Saltman's  place? 
Dr.  Atkinson.  That  is  the  same  place. 
Mr.  Walgeen.  Same  place,  okay. 
Dr.  Atkin«>n.  He  is  a  member  of  the  faculty. 
M»";,Waixjrbn.  Profefflor  Lynn  Arthur  Steen,  the  Chairman  of 
the  Council  of  Saentific  Society  Presidents;  ana  Dr.  Thomas 
Malone,  the  Pr^ident  of  Sigma  Xi. 

Welcome,  all,  and  I  guess  I  don't  feel  quite  as  bad  as  some  other 
heanngs  when  people  have  had  to  sit  through  it  and  wait  untU  the 
end  because  I  have  felt  that  all  these  witnesses  have  really  ener- 
gized us  more  than  drained  us.  But  I  do  apologize  that  we  have 
gone  on  so  long. 

But  in  any  event,  we  have  time  for  you,  and  I  would  like  to 
mvite  you  to  give  your  testimony  in  the  order  in  which  I  intro- 
duced you  to  the  record. 

So  please,  Dr.  Atkmson.  It  is  good  to  see  you  again,  and  we  are 
very  pleased  you  are  here. 

STATEMENT  OF  DR,  RICHARD  C.  ATKINSON,  PRESIDENT.  AMERl- 
TAN  ASSOCIATION  FOR  THE  ADVANCEMENT  OP  SCIENCE,  AND 
CHANCELLOR,  UNIVERSITY  OF  CAUFORNIA^AN  DIEGO.  SAN 
DIEGO,  CALIFORNU 

Dr.  Atkinson.  Mr.  Chairman,  I  am  going  to  be  very  brief.  Let  me 
say  that  when  I  saw  the  list  of  witneraes  this  morning  I  knew  that 
we  would  be  running  late,  and  I  actually  thought  about  not  show- 
ing up.  [Laughter.] 

But  I  really  came  this  morning  be<»use  I  wanted  to  hear  the 
other  witnewes,  and  I  was  well-rewarded.  It  was  a  very  exciting 
monung  m  terms  of  the  sorts  of  comments  and  remarks  that  were 
made. 

I  am  submitting  for  the  record  swne  remarks,  rather  detailed  re- 
marks on  the  three  bills  that  are  being  considered,  and  I  think 
those  wiU  be  useful  to  the  con  mittee  in  reexamining  those  bills 

I  would  jpast  make  one  remark  that  I  have  become  something  of 
m  the  last  fiew  months  on  the  whole  issue  of  the  shortfall 
m  FhjU.  s  that  we  are  gomg  to  be  confronting  as  a  nation,  and  one 
sees  tjie  numbers  on  that  That  is  another  side  to  this  whole  prob- 
lem that  I  think  needs  to  be  considered,  the  pipeline,  the  general 
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issues  of  the  quality  of  education  for  K  through  12,  but  the  impact 
that  the  shortage  of  PhD'o  will  have  by  the  turn  of  century  is 
really  quxtc  dramatic.  . 

Let  me  just  say  one  thing  then  about  the  legislation  that  is  bemg 
considered  today,  and  I  r^Iy  want  to  focus  just  on  your  bill,  Mr. 
C^iairman. 

As  you  knov»,  I  am  extremely  enthusiastic  about  this  bill.  My 
own  particular  view  ir  that  there  is  no  solution  to  the  problems  we 
face.  There  ia  f*  whole  range  of  things  that  have  to  be  done,  but  one 
thing  that  has  to  be  done  is  call  attcnticn  to  these  matters,  and 
what  I  like  ?bout  your  bill  is  the  idea  of  the  excitement,  the  identi- 
fication of  the  scholars  that  would  be  given  these  awards. 

The  only  comments  I  would  want  to  add  on  your  bill  would  be 
that  I  would  like  to  see  some  name  given  to  these  fellows  that 
would  really  give  it  national  visibility.  I  don't  know  what  that 
name  should  be— Ckjngressional  Fellows.  I  am  not  sure  Walgren 
Fellows  is  quite  the  right  now— but  something  that  would  give  real 
national  


Dr.  Atkinson  [continuing].  Would  give  real  national  visibility  to 
these  fellows,  and  I  want  to  be  sure— I  like  the  geographic  distribu- 
tion of  two  per  district,  but  I  want  to  be  sure  that  these  fellows  are 
xecQgnizied  among  themselves  on  a  national  basis.  So  I  think  you 
need  things  like  newsletters,  subscriptions  to  Science,  or  the  hke, 
to  tie  these  fellows  t<«ether  so  that  they  will  recognize  the  impor- 
tance of  what  they  are  doing  and  will  stay  with  the  whole  proceffl. 

I  might  really  question  whether  NSF  is  the  right  group.  I  think 
NSF  is  the  right  place  to  fund  this  program,  but  I  am  not  sure  if 
NSF  is  the  right  agency  to  run  the  program.  I  think  it  might  be 
much  betver  if  it  were  run  outside  of  the  government  by  the  Na- 
tional Academy  of  Science  or  even  by  an  organization  like  the 
AAAS  because  I  tiiink  there  is  some  care  and  feeding  over  time  of 
fellows  in  the  program  that  needs  to  be  attended  to. 

The  only  last  remark  I  will  make  is  that  I  would  hope  this  com- 
mittee would  use  its  relations  with  the  wrious  overaight  commit- 
tees that  relate  to  the  Offi<»  of  Education  to  try  to  encourage  a 
much  broker  base  of  activity  in  this  area,  and  I  think  the  l^isla- 
tion  being  propowed  here,  if  it  could  be  brought  to  the  attention  of 
some  oi  tiie  members  of  the  House  related  to  the  Office  of  Educa- 
tion, it  might  work  to  broaden  the  hose  of  the  discussion  that  is 
going  on,  and  I  think  t  hat  NSF  plays  an  important  role  here  but  I 
think  it  is  a  mistake  to  believe  that  over  the  long  haul  NSF  can  do 
the  job  by  itself  that  needs  to  be  done.  The  Office  of  Education  has 
to  be  involved  in  a  very  active  way,  and  I  would  hope  this  commit- 
tee might  be  a  way  of  instigating  some  activity  on  that  side  cjf 


Mr.  Walgren.  It  is  always  hard  for  us  jurisdictionally  in  tiie 
Congress,  and  particularly  since  this  committee  real^  has  never 
had  legiriative  authority  m  areas  that  affected  the  Department  of 
Education,  and  we  are  somewhat  limited. 

I  r^lize  that  the  DejMutment  of  Education— well,  that  the  prob- 
lem is  so  big  that  certainly  tJhey  have  to  make  a  real  contribution 
in  where  we  want  our  whole  educational  sjretem  to  go.  I  guess  the 
question  is  whether  tiiis  pn^ram,  if  it  could  be  started— and  tiwnk- 
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tog  of  the  Congressional  science  and  math  scholare—even  the 
PrraMlent,  to  our  real  surprise  but  delight,  singled  that  concept  out, 
and  it  makes  me  feel  that  it  is  something  that  can  be  realistically 
talked  about  in  this  Congress,  with  the  thought  of  actually  imple- 
S®°SSIr  P0"»*  **»en  the  question  really  comes  whether 

the  NSF  IS  the  right  agency.  Some  agency,  or  some  entity  has  to 
have  the  governmental  responsibility,  and  perhaps  in  executing  it. 
It  could  go  beyond  itself  and  incorporate  broader  societies  that 
might  be  able  to  provide  local  people  that  would  then  be  reinforc- 
ing of  the  track  we  hope  the»  people  will  stay  on. 
Well,  we  can  come  back  and  talk  about  it. 

Dr.  AiiUNSON.  Mr.  Chairman,  I  only  meai.t  with  regatd  to  these 
three  bills  I  thmk  this  is  the  right  committee  and  NSF  is  the  rieht 
agency.  ^ 

Mr.  Walgren.  Yes. 

Dr.  Atkinson.  I  really  meant  with  regard  to  the  range  of  activi- 
ti»  that  are  being  discussed  we  should  draw  the  Department  of 
£<ducation  into  that  discussion. 

[The  complete  prepared  statement  Dr.  Atkinson  follows:] 
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ri^ICHARD  ATKINSON 
President 

American  Association  for  the  Advancement  of  Science 


Before  the 

Subcommittee  on  Science,  Research  and  Technology 
Committee  on  Science,  Space  and  Technology 
U.S.  House  of  Representatives 
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RXCHARD  C.  ATKINSON 
CHAMCEUiOR 
UNIVERSITY  OF  CALIFOSMIA,  SAN  DIEGO 

Dr.  Richard  c.  Atkinson  is  chancellor.  University  of 
California  at  san  Diego,  and  Prenident  of  the  American 
Association  for  the  Advancenent  of  Science.     From  1975  to  1980  he 
served  as  Director  of  the  National  science  Foundation.  As 
Director  he  had  a  wide  range  of  responsibilities  for  science  and 
technology  at  a  national  and  international  level,  including 
»e»bership  on  the  United  States-People's  Republic  of  china  Joint 
ccM.ission  on  Science  and  Technology  and  the  US-USSR  Joint 
CoaaiiBsion.     He  was  responsible  for  negotiating  and  signing  the 
first  «emorandu«  of  understanding  m  history  between  the  Poople'r. 
Republic  of  China  and  the  united  states,  an  agreement  for  the 
exchange  of  scientists,  scholars  and  students. 

Prior  to  1975.  Dr.  Atkinson  was  on  the  faculty  of  Stanford 
University  for  twenty  years.    He  has  been  elected  to  membership 
in  the  National  Academy  of  Sciences.  American  Philosophical 
society,  American  Acadeny  of  Arts  and  Sciences,  and  Institute  of 
Medicine.     He  has  been  awarded  honorary  Doctor  of  Science  degr«e:. 
by  ten  American  universities,  holds  l.onorary  mejnbetships  in 
several  foreign  societies  and  acade»ies.  and  a  mountain  in 
Antarctica  has  been  naned  in  his  honor. 
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Hr.  Chairman  and  Members  of  the  subcoinalttce: 
Thank  you  for  your  invitation  to  testify  at  this  timoly 
hearing  on  the  crisis    n  science  and  fsathesatics  education  and  lo 
coBtment  on  several  bills  under  consideration  by  your 
subcoBusittee. 

1  aw  Ric'  ^rd  Atkinson,  Chancellor,  the  University  of 
California  at  San  Diego.     However,  today  1  am  appearinq  as 
President  of  the  American  AsKOciation  for  the  Advanccwf^nt  of 
Science  (AAA?;)  , 

The  AAAS  in  an  orqanization  of  3  13,000  sclent  iiitn  and 
€»n<3ineer£if  and  hao  ?.9b  aftiliaten  rcpresentinq  over  b  mi  11  ion 
members  in  varioun  ncicntitic,  <»nqine««rxng  and  prof  en  si  ona  I 
Kocietir^n.     AAAS  publishes  the  journal  ?i5.'ieii<?e ,  as  v.:  I  as  policy 
dociiTnentn  addressing  ethical ,  educational,  econoinic  and  technirjl 
issues  lacing  science  and  its  related  professions. 

Underlying  your  consideration        science  and  niarhotr^at ir:fj 
education  issues  is  a  wt-ll-founded  concern  tor  the  futum  at  xhv 
human  resource  base  far  science  and  engineering,     Thit>  is 
issue  of  major  concern  within  the  AAAS,  and  indeed  within  Iht- 
science  and  engineering  cornmunit  ies  as  a  whole.     Many  in  tticiii^ 
communities  ^uld  say  that  the  huwan  i nl restructure  is  the  most 
nerious  science  and  t&chnology  policy  issue  we  lace  tnday. 

The  long  term  prospects  are  dismal  indeed,     lewcr  An^ciic.an 
youth  are  choosing  career in  science  and  engineering.  This 
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but  one  aanifcatation  of  what  has  becosci  to       known  as  the 
**plp«lin«"  problem.     LAcK-Iuster  ^ucatlon  in  science  end 
mtheoatics  dai^na  interest  and  retards  achievesent.  The 
effects  are  particularly  devastating  for  young  people  from 
populations  under-represented  in  the  science  and  enginoc^ring 
professions.     Aaong  the  consequences  are: 

m    consistently  low  enrollments  m  high  school  physic.ii 
sciences  and  advanced  laathematics? 

•  declining  numbers  of  college  frctihwan  majoring  in 
technical  subjects; 

•  and  poor  retention  among  those  who  begin  college 
cfjncentrating  in  a  natural  science. 

The  pipeline  has  massive  leaks:    Too  few  technically 
talented  young  p^>ople  make  it  from  "gra-le  school  to  gr^d  fichool." 
The  threat  is  real  as  the  following  statistics  demonstrate, 

•  In  1987  only  42  percent  of  U.s.-granted  Ph.D. 's  in 
engineering  were  awarded  to  U.S.  citizens. 

m    In  1985,  only  5  p**rcent  of  doctoral  degrees  in  the 
physical  sciences  (physics,  mathematics,  and  roinputf?r  scienct  ) 
went  to  non-Ar.ian  minorities. 

•  By  about  30  percent  of  the  engineering  faculty  m 
U.s,  universities  will  \  ve  retired  and  have  to  be  r'?placcd. 

•  In  1988  60  percent  of  American  universities  reported 
faculty  shortages  in  computer  science. 
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•  In  1971,  11.5  porrcnt  of  colXeqe  frc^shman  reported  plant; 
to  major  in  the  sciences;  in  1988  that  proportion  had  dropped  ro 
5.8  percent  of  a  soaller  demographic  cohort. 

•  An  international  comparison  of  aatheaatics  and  sci^^nct? 
achiovomvnt  nhow»  Asierican  youth  lagging  far  behind  thc«ir 
eountcrpartr, s  Only  40  percent  ol  American  13-y(nar  olds  have  the 
mathomatical  skillu  to  siolve  two-fstep  problems,  this 
con^pared  with  78  pi>rc<^nt  of  thoir  counterparts?  in  Korea, 
.Similarly,  only  ID  percent  ot  American  youth  undercut  and 
moar-uremont  and  gcomt  try,  this  comparrd  with  4  0  percent  of 
tht»ir  countorparta  in  Kor<?a, 

•  Jn  loati,  the  National  Science  Board  reported  that 
relatively  large  number?;  of  teachers  were  not  certified  to 
trach  in  the  lieldn  to  which  thi»y  were  assigned. 

•  A  1986  National  Science  Teachers  Ansociat^on  siiurvey  luuruJ 
that   lust  68  percent  of  Gcience  teachers  in  gradc?B  thf 
arr^oclat  1  on'.s  5;cience  preparation  titandard?'.     In  qrade:;  lo-i;'  'w 
pex'cent  ot  the  teachers  met  a5;rociation  standaida, 

•  In  an  NSF^funded  ntudy  of  the  Americrtn  public's  KnowIo<hje 
of  science,  .fon  Miller  found  that  only  (t  percent  of  American?;  are 
«u  tontif  ically  lJterat«>.     For  eX3nipl«?r   lei5'3  than  h«?lf.   oi  x\u 
p€«ople  surveyed  Knew  that  the  earth  revolves  around  the  sun  uncv 
a  ye«ii  , 

The  Mdthematiuai  Sciencer.  Kducation  Board  in  its  leport, 
Eyerxhp^iy  Countn,    jfvsued  in  January,   urgor:  a  ra(Uc:fil  overh.^ul  in 
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the  way  Kathenatics  is  taught  in  the  United  states  (kinderqarten 
through  college)      The  report  also  calls  for  closing  the  gap  in 
mathejwtlcal  achievesent  that  separates  the  futures  of  a  white, 
technologically-astute  elite  and  a  largely  minority  underclass 
that  finds  *'acono»ic  and  political  power  beyond  reach. »• 

The  importance  of  matheaatics  to  many  careers,  not  just 
science  and  engineering,  must  be  underscored.    Noting  that  every 
year  roughly  half  of  the  country's  ninth  graders  leave  the 
mathematical  pipeline,  the  report  states  that  "mathematics  must 
becoite  a  PU18P  rather  than  a  filter  in  the  pipeline  of  American 
education. 

T^o  weeks  ago  AAAS  issued  its  report,  Seteaee 
tofiXifiana.     The  report  proposes  sweeping  changes  in  the  goals, 
content,  and  nethods  of  science  education  and  calls  for  an 
unprecedented  level  of  collaboration  among  scientists  and 
educators  as  well  as  government,  business,  labor,  and  community 
leaders  in  an  effort  to  effectively  reform  these  crucial  areas  of 
education.     it  defines  the  common  core  of  learning  that  all 
students  should  acquire  as  they  proceed  from  kindergarten  through 
high  school  to  become  scientifically  literate  adults. 

tast  fall  the  Task  Force  on  Women,  hanorities  and  the 
Handicapped  in  Science  and  Technology,  which  was  established  by 
Congress  in  Public  Law  99-383,   issued  its  interim  report, 
gh^nging  tegr^ca;  The  fJen  £ap-g  of  Scuence  and  Engineering,  the 
report  points  out  the  importance  of  women,  minorities  and  the 
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disabled  groups  in  the  face  of  a  shrinking  nu»»>€r  of  college  age 
students  and  the  changing  »ake-up  of  the  reservoir  of  technical 
talent. 

K  message  cowson  to  all  of  these  r<?ports  is  the  n«ed  for 
fundaaental  restructuring  of  science  and  mathematics  education,  a 
focus  on  the  entire  educational  system,  and  the  articulation  of 
national  goals. 

I  want  to  coBuaend  the  Congress,  and  especially  this 
Subcommittee,  for  the  leadership  it  has  shown  in  recognizing  and 
addressing  son^e  serious  science  and  education  pip<?line  Issues. 
It  must  toe  noted,  however,  that  the  policy  response  in  the 
legislation  we  are  considering  today  addresses  only  a  siaalX  part 
of  our  total  pipeline  concerns-     I  want  to  offer  some  comments  as 
to  how  these  proposed  pieces  of  legislation  might  be  strenqthoned 
and  how  opportunities  might  be  found  to  broaden  their  impact. 
LEGISLATION  UNDER  eoaSJJSS&XIOS 

Let  me  first  cojRwent  on  H,R.  996,  ^^Congressional 
Scholarships  for  Science,  Mathematics,  and  Engineering  Act  ot 
1989."    Under  this  proposal  the  National  Science  Foundation  ir. 
directed  to  establish  a  program  for  an  annu*:'!,  merit-abased 
competition  for  selecting  two  students  from  oach  congressional 
district  to  receive  four-year  scholarships  to  study  mathematics, 
Bci'»nce,  or  engineering. 

Its  specification  of  a  female  and  male  student  from  each 
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district  underscores  the  importance  of  bringing  sore  talented 
young  women  into  science  and  engineering^     It  further  eaphasizes 
that  technical  talent  can  he  found  in  all  of  our  cooaunities, 
I  do  hope  these  awards  carry  with  thesi  the  prestige  associated 
with  an  appolrt»ant  to  a  military  acadesy  —  sending  the  laessage 
that  scientific  talent  is  as  important  to  our  nation's  strength 
a&  military  coapatibility.    These  scholarships  are  an  important 
symbol Ic  gesture  to  focus  the  attention  of  Members  of  Congress  on 
the  national  inportance  of  ensuring  a  steady  flow  of  our  »ost 
able  young  men  and  women  to  science  and  engineering  careers. 

These  scholarships  also  could  serve  to  highlight  and 
underscore  the  larger  challenges  of  tinancial  support  for  higher 
education.    We  need  to  know  how  the  shift  from  grant  to  loan- 
based  support  during  the  past  decade  has  affected  college 
attendance  among  disadvantaged  lainority  students. 

In  order  to  broaden  the  pool  of  recipients  and  avoid  having 
the  scholarships  awarded  to  those  students  who  would  receive  many 
other  awards,  serious  thought  should  be  givc^n  to  the  selection 
process.     The  idea  of  basing  the  awards  on  potential  and 
motivation  is  inde€?d  a  well-directed  intention.    Great  care  aust 
be  given  to  assure  that  this  intent  is  carried  out. 

Under  Section  3: 

•    Nominating  Coaraittees  should  include  parents  and  business 
parsons.     They  should  also  specifically  include  science  and 
siathematicB  teachers  in  determining  criteria  for  selection. 


6 


ERIC 


216 


including  the  applicant's  potential  and  sotivation.  Further,  the 
regional  nominating  committees  should  determine  the  criteria 
and  process  for  deciding  the  applicant's  potential  and 
motivation,  not  the  Director  of  NSF,     A  part  of  the  process 
might  include  personal  interviews  of  the  applicants  by  meiRbers  of 
the  nominating  committee. 

•    with  respect  to  Eligibility  and  Maintaining  Eligibility, 
admission  and  enrollment  should  be  at  institutions  whose  science, 
mathematics,        engineering  prcKframs  are  accredited,  and  where 
demonstrated  and  ongoing  programs  exist  consistent  with  the  goal 
of  retaining  a  diverse  population  of  students  for  science  and 
engineering. 

m    Under  "'Maintaining  Eligibility,"  as  you  consider  this 
bill  and  similar  legislation,  you  may  also  wish  to  give  some 
thought  to  ways  in  which  these  scholarships  might  be  used  to 
leverage,  for  instance  to  encourage  industry  and  institutions  of 
higher  learning  to  match  the  federal  effort  for  these  proqraTos, 
For  example,  they  might  put  up  isoney  for  additional  scholarships 
in  each  district,  or  at  the  state  level,  that  would  vc 
incorporated  into  the  same  selection  process,  perhaps  with  some 
sort  of  tax  incentives  to  the  donors. 
MR.  aUUGHTER'S  BILL 

The  bill  proposed  by  Mr,  slaughtrr  establishes  a  "Science, 
Mathematics,  and  Research  Technologies  Scholaj^ship  Program."  it 
is  responsive  to  the  OTA  Report,  •'From  Grade  School  to  Grad 
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School,"  *rt,ich  suggests,  as  a  short-tenn  solution  for  addressing 
inaediate  needs  within  Uie  pipelijio,  supporting  students  who  havo 
already  deaonstrated  an  interest  and  coapetence  in  science, 
BatheaatlcG,  and  engineering. 

The  bill  also  addresses  the  concept  of  leveraging  federal 
dollars  by  requiring  that  scholarship  monies  be  tied  to  public 
service,  specifically  service  In  the  federal  governsent  or  an 
associated  organization.     Special  consideration  should  be  given  to 
service  in  organizations  whose  activities  focus  on  education  and 
the  needs  of  under-represnnted  youth.    He  would  suggest  that 
scholarship- for-serv ice  jnonlos  could  be  leveraged  further  to 
affect  the  pre-college  end  of  the  pipeline  by  including,  as  a 
service  option,  work  with  disadvantaged  student  populations, 
such  work  could  include,   for  example,  teaching  in  pre-college 
math  and  science  programs  or  cross-age  tutoring,    of  course, 
full-tine  matheaatics  or  science  teaching  should  fully  satisfy 
the  service  requirement  of  the  award. 

A  further  comBent  on  the  service  section  of  this  bill 
relates  to  section  7{b)  and  the  roquireaent  that  the  Director  of 
the  MSF  assist  scholarship  recipients  to  find  eaployaent.  We 
suggest  that  this  requirement  might  put  an  enormous  burden  on  the 
NSF.     Rather,   it  sight  be  possible  for  tne  NSF  to  develop  a  list 
of  federal  agencies  interested  in  attracting  these  young  people, 
providing  this  information  to  the  award  recipients  and 
encouraging  them  to  explore  these  opportunities  on  their  own. 
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NS.  BILL 

Turning  now  to  the  bill  proposed  by  Mr,  Boehlert,  "National 
AMards  for  Hatnematics  and  science  Teaching  Act  of  1989,"  let  me 
note  that  awards  for  undergraduates  studying  mathematics  and 
science  teaching  have  a  track  record  of  success  in  attracting  top 
quality  students  to  enter  careers  in  teaching,     students  from 
similar  programs  in  the  past  have  stayed  on  in  the  classrooni  far 
beyond  their  obligated  terros  of  service,  or  have  gone  on  to 
become  leaders  in  matheisatics  and  science  education. 

In  response  to  the  changing  needs  of  a  modern  society,  many 
vocational  programs  have  become  highly  technical ^  offering 
curricula  that  provide  a  pathway  into  scientific  and  engineering 
careers  for  many  students.     Excellent  technology  teachers  are 
needed  for  these  new  directions.     For  this  reason?  we  recommend 
that  the  proposed  bill  be  broadened  and  the  vording  throughout  be 
changed  to  include  mathematics,  science,  and  technology  teaching. 

Other  suggestions  include : 

(1)  Under  Section  3,  Eligibility,  enrollment  shouJd  be  at 
an  institution  whose  science,  mathematics,  technology,  or  teachcx 
education  programs  are  accredited, 

(2)  A  Section  on  Maintaining  Eligibility  should  be  added 
with  wording  that  includes  academic  performance  and  course  load. 

(3)  Under  Section  4,  Criteria  for  Selection,  we  suggest 
that  a  committee  appointed  at  the  college  or  univerj;ity, 
consisting  of  mathematics,  science,  and  technology 
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educators,  and  oatheaaticians  and  scientists,  select  the 
recipients. 

(4)  under  Section  5,  Amount  of  Award,  raise  the  anount  to 
S5.000.    up  to  three  awards  should  be  available,-  the  third  award 
can  be  for  work  in  a  fifth  year  program  for  teacher 
certification. 

(5)  Replace  section  6  with  the  following:  Service 
Obligation  -  For  every  year  of  service,  25  percent  of  the  total 
award  will  be  forgiven.     Por  every  year  in  which  the  teacher 
serves  as  a  Chapter  i  teac.^er,  or  as  a  teacher  in  a  school  in 
Which  at  least  half  of  the  students  qualify  for  the  federal 
school  lunch  program.  50  percent  of  the  total  award  will  be 
forgiven.     Each  year  following  completion  of  certification,  the 
Director  must  be  notified  that  the  teacher  has  completed  a  year 
of  full-time  teaching,  until  the  complete  award  has  been 
forgiven. 

we  suggest  that  the  service  in  Chapter  1  programs  should  be 
part  of  ai.  undergraduate  teacher  education  progra>n,  which  will 
help  to  draw  faculty  in  teacher  education  institutt::  into  the 
equation.     You  may  also  want  to  consider  expanding  the  teaching 
requirement  to  "teaching  at  any  level." 

(6)     Replace  Section  7  with  the  following:     it  the 
individual  is  disaissed,  withdraws,  or  -  with  the  exception  of 
full-tine  graduate  work,  railitary  duty,  voluntary  service,  or 
other  allowable  circumstance  ~  if  the  individual  does  not  enter 
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teaching  within  one  year  or  leaves  teaching,  the  recipient  wlU 
have  one  year  to  repay  the  total  balance  of  the  award,  plus 
interest* 
COHCLIISIONB 

Mr,  Chairaan,  let  me  conclude  wy  remarks  by  again  expressing 
*    our  appreciation  to  the  Subcommittee  for  your  deep  concern  about 
the  state  of  V.S.  science  and  matheiaatics  education  and  its 
consequences  for  our  country;  for  your  conciinued  support  for 
science  and  mathematics  education  programs;  and  for  your 
willingness  to  tackle  the  system's  problems  through  your 
attention  and  legislative  proposals. 

We  look  forward  to  responding  to  your  future  proposals  on 
other  issues  related  to  the  pipeline.     Please  feel  tree  to  call 
on  the  MAS  if  we  can  provide  you  with  additional  information, 
assist  your  work  on  other  segments  of  the  system,  or  further 
support  your  efforts  to  strengthen  the  human  resource  base  of 
U*S.  science  and  engineering  and  the  education  franiework  that 
shapes  it* 
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roa  OWEOIATE  iELEjlSE 

Contact;  Kathleen  Johnston 


iMS  JOIUQUL  XSSI^  ttPOR  CAM) 

WA&HilKSTOfl.  —  A  new  report  card  on  hign  school  science  teitbooka  is 

no**  awallablc  for  teachera,  school  <ll5trict  axUalnlstrator^,  and  ,tate 
education  mnorttUa  involved  In  tt^xtboou  selection  and  a^^pption. 

Srlcn_ce_Bagks_4_Fil28.  th«  critical  r-vt.,-  Jaurnal  pubUahed  by  the 
African  As«pelatlon  f«r  th.  Advancement  of  Srl.„c<..  ha,  released  lt3  «h 
annual  report  card  on  ,cle„.«  textbook,.      The  Journal.,  Horch/AprU  i3sue 
evaluatoa  19  ne«  «id  current  high  school  science  t-xta.  mduaing  »i  jusl- 
relea«,d  (,989  copyri8».l5  introductory  biology  te,ts  and  one  jMst-rel.a.ed 
istrodactory  chisalstry  text. 

TIM  *  nr«  biology  trUa.  uhtch  «in  be  aacng  tho«  .:on3i£lertd  fo,  st«Le- 
Mde  adoption  In  such  key  slates  as  Texas  and  Callfornli.  are:  Modern 
«Si2aLi.Jth^  (Holt,  Rinehort  ,.nd  Winston),  »nlch       the  mnrx^l  l«^u.:r 
In  introductory  high  school  biology  teits;  Biolojii  (H^rwurt  Bra«.. 
Jo»nm>»lch);  He»th  Blol^  gnd  Ci..  <b.c.  H«ath>;  4nd  Biojo^ _Th^._u v 
World,  gnd  ed.  (Prentlae  Hall). 

Khtch  .extbooks  are  th..  best?    The  criteria  u.ed  by  the  .S^ence.&,okjL.4 


(HoaE) 
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Ftltw  «valuatar3  Include  content  accuracy,  currency »  and  sco|^: 
orcanlxatloii  and  coherence;  coi^r«her«ilbllity  to  students 5  practlCisUty  una 
PC«^eheiuilblXlty  of  Xatis;  and  treatoent  of  tne  Interrelatedneas  wf 
soltraeei  techno losy«  and  society*    ^The  te&tbooka  that  do  the  besit  job  uf 
provldlns  <|uaUty  in  these  areas  —  as  Judiied  by  3B4F  evaluators  (inoludln* 
high  school  tcschers)  —  are  the  best,*  stated  Kathleen  Johnston,  SBtF  Editor. 

"Satf  reaalns  the  only  periodical  publiahed  by  a  scientific  organixatlon 
that  consistently  evsluates  high  achool  science  texts,*  said  Johnston,  who 
initiated  the  project  with  apaclal  evalu^tlona  of  biology  te*ts  in  the 
Hay/Jime  1985  issue-    Since  then*  Sfl4F  has  dedicated  special  issues  to 
otiasistry  teats  (Hay/Junc  1936)  and  physics  texts  (Septei^r /October 
1C^6)«    An  update  on  the  texts  In  all  three  fields  »«as  issued  in 
HarCi/April  xm. 

The  curren*  (March/April  19&9)  Issue  contains  the  aoat  recent  report  card 
on  texts,  and  It  includes  an  index  of  the  texts  evaluated  previously. 

Science  4  Filas  regularly  evaluates  science  trade  books  and 

educational  films  for  children,  junior  and  senior  high  school  students, 
collage.      identSf  teachers,  aclenoe  professionals,  and  lay  adult  audiences. 
Subflcriptlona  (5  Issues)  are  $32  per  year;  copies  of  v  le  Harch/April  issue, 
OS  well  as  the  earlier  textbook  issues,  are  sifallsble  for  $7.0U  each  (plus 
♦        postage  I  handling  per  order)  frosa:  AAAS  Narketing,  1333  H  Street, 
im,  Vashington,  29C  2000^. 

•  •  • 

^rWflKM  ginoJtS;  Flease  feel  free  to  call  Kainieen  Johnston  at  20^-3?6- 
^^^U  for  a  review  copy  of  the  Ksrch/Aprll  Issue. 
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Mr.  Walqssn.  I 

We  will  come  back  in  a  second,  but  we  wUl  turn  then  to  Profesh 
sor  Steen. 

STATEMENT  OF  PROP.  LYNN  ARTHUR  STEEN,  CHAIRMAN.  COUN- 
CIL OP  SCIENTIFIC  SOCIETY  PRESIDENTS.  DEPARTMENT  OF 
MATHEMATICS.  ST.  OLAF  COLLEGE,  NORTHFIELD.  MI 

Professor  St&bn.  Thank  you  for  the  opportunity  to  appear,  Mr. 
Onairman. 

I  am  hear  to  represent  the  Council  of  Scientific  Society  Presi- 
dents. I  am  a  Professor  of  Mathematics  at  St.  Olaf  College  in  Min- 
nesota. 

What  I  first  would  like  to  say  very  strongly  on  behalf  of  the 
Council  of  Scientific  Society  Presidents  is  that  we  give  our  unquali- 

j  ^<*o™??nent  to  the  legislation,  H.R  996,  that  you  have  submit- 
•  -ui  ^  ^  balanced  and  equitable  and  highly 

visibie  bill  that  will  send  a  good  signal  to  encourage  students  to 
study  'icience  and  engineering  and  mathematics. 

I  would  like  to  strera  particularly,  as  many  of  the  previous  speak- 
ers haw.  the  importance  for  the  United  States  that  we  draw  our 
scientific  leadership  from  all  parts  of  our  population,  and  that  is 
one  of  the  attractive  features,  I  believe,  in  H.R.  996,  is  that  by  pro- 
viduig  awards  in  each  Congressional  district,  one  to  a  man  and  one 
to  a  woman,  it  will  spread  the  visibility  of  science  in  an  equitable 
manner  across  the  entire  nation. 

TJie  CouncU  also  particularly  appreciates  the  fact  that  this  bill  as 
weU  all  of  them  that  are  under  consideration  now  before  this  com- 
mittee are  centered  in  the  National  Science  Foundation.  Several  of 
the  other  speakers  earlier  testified  eloquently  to  the  benefit  that 
comes  when  you  have  active  research  scientists  engaged  in  dealing 
wth  issues  m  the  schools,  and  the  National  ScienceFoundation  is 
the  proper  and  appropriate  governmental  agency  to  carry  that  out. 

I  think  It  would  be  entirely  appropriate  for  the  NSF  to  work 
mth  other  organizations  to  help  roread  the  basis  for  it,  and  indeed 
the  members  of  the  Council  of  Saentific  Society  Presidents,  which 
consist  of  50  scientific  societies  whose  membership  base  exceeds 
one  million,  are  already  prepared  to  a^ist  in  doing  some  of  the 
promotional  activities  that  Dr.  Atkinson  just  mentioned. 

^^^^  briefly  to  mention  a  few  issues  of  particulars 
that  differ  anaong  the  three  bills  that  are  being  considered.  I  have 
submitted  written  testimony  that  goes  into  this  in  more  detail,  but 
there  are  quite  a  range  of  ideas  on  the  agenda  of  the  committee  in 
tem»  of  the  bills  that  were  orovided  to  me. 

One  ^rticular  issue  is  the  leverage.  The  national  visibility  that 
comes  m>m  a  Congre»ional  science  award  is  almost  certain  to 
draw  additional  money  and  recognition  out  of  the  private  sector, 
from  OJUeges  themselves,  from  private  donors  that  provide  scholar- 
ships for  colleges,  and  I  think  the  legislation  would  be  enhanced  if 
evwrything  possible  could  be  done  to  provide  for  that  leverage. 

Publicity  IS  one  way  to  do  it.  It  might  even  be  possible  that  it 
would  be  appropriate  to  have  more  awards,  perhaps  of  a  lower 
value  if  necessary,  in  the  hopes  that  you  would  get  more  students 
funded  with  a  mixture  of  government  and  private  funding. 
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The  important  thing  that  the  legislation  provic  >  ^  national  rec- 
ogniticm  and  visibility. 

The  second  issue  concerns  the  technicalities  of  the  way  colleges 
and  universities  administer  student  aid.  Virtually  all  schools 
manage  tteir  financial  aid  programs  on  the  basis  need.  So  a  stu- 
dent  who  receives  a  sdiolarship  will  in  many  cases,  if  they  also 
have  finandal  need,  will  discover  that  the  award  that  they  receive 
hota  the  college  will  be  reduced  by  the  amount  of  ^ir  scholai^ 
riiip. 

I  think  it  would  be  very  helpfViI  if  the  l^islation  could  be  written 
in  such  a  way  that  would  guarantee  that  the  students  who  receive 
tlwse  awards  actually  benefit  directly  from  them. 

My  third  point  of  concern  that  I  want  you  to  look  at  carefully  as 
you  consider  the  three  different  bills  has  to  do  with  the  service  re- 
quirements that  were  in— not  in  Congressman  Walgren's  bill,  but 
in  the  c^ier  ones. 

Science  is  a  very  serendipitous  activity,  and  as  students  go 
through  their  undergraduate  years  especially,  and  frequently  in 
the  junior  and  senior  year,  when  they  suddenly  wake  up  to  ^eir 
potential  to  issues  rjad  interests,  it  is  very  common,  and  I  think 
very  healthy,  that  they  have  a  chance  to  shape  their  own  profes- 
sional future  with  a  certain  amount  of  fleatibility,  and  I  would  hate 
to  see  a  program  that  was  too  rartrictive  in  one  iwirticular  direction 
or  another.  I  think  that  both  science  and  education  would  thrive  on 
maintaining  flexibility. 

So  in  summary,  I  would  like  to  just  reiterate  that  the  Council  of 
Scientific  Society  Presidents  provides  its  unequivocal  support  to 
H.R.  996.  We  believe  it  represents  a  sound  and  equitable  approach 
to  a  pressing  national  need. 

And  thank  you  very  much  for  the  opportunity  to  appear. 

[The  complete  prei^red  statement  of  Profeasor  Steen  follows:] 
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Council  of  Scientific  Society  Presidents 
Proposed  Congressional  Scholarship  Initiatives 

Statosieiit  bdbrc  the 
Subcommittee  on  Sdeacci,  Rcvewrch,  and  Technology 
HouM  CommiltM  on  Science,  Spiice,  and  Technology 
2318  R&yburn  Houfc  Office  Building 
Thonday,  March  9, 19B9 

Mr.  Chiunnan,  Mcmbcrt  of  the  Committee,  My  name  is  Lynn  Arthur  Stccn.  I  am 
Chairman  of  the  Council  of  Sdent^ftc  Society  Ptc«denta  (CSSP),  fonner  Prciident  of 
tlie  Mathematical  Aitodation  of  America,  and  Frofesior  of  Mathematics  at  St.  Olaf 
College  in  NortWidd,  Minnesota. 

The  Council  of  Scientific  Society  Presidents  is  made  «p  of  the  presidents  and 
othcf  senior  officers  of  48  scientific  organixatiGns  with  a  cnmolative  membership  of 
veil  over  1  million.  The  Council  membership  spans  the  full  spectrum  of  the  physical, 
mathematical)  and  life  sdencea. 

It  is  an  honor  and  a  pleasure  for  me  to  appear  before  yon  today  in  support  of 
the  new  initiatives  proposing  scholarship  programs  in  science,  mathematics,  aud  engi- 
neering. These  ioitiatimi  are  timely,  appropriate,  and  necessary  to  ensure  continued 
stmigth  of  sdentific  research  in  the  United  States. 

Science  Education 

I  hardly  need  to  remind  ycu  .  ;hc  ample  recent  eridence  of  weakness  in  math- 
ematia  and  sdence  education  i&  the  United  States.  In  international  comparisons  of 
school  sdence  and  mathematics,  our  average  scores  arc  always  well  below  interna* 
tional  norms.  Moreow,  declintng  interest  among  U  S,  students  in  mathematics  and 
scienoe  tbieatess  a  serious  shortage  of  sdentific  and  enginearing  professtonab  before 
the  beginning  of  the  next  century. 

Weakness  in  mathematics  and  sd^ce  education  is  esnedally  disturbing  for  mem- 
bers of  minority  groups  in  our  sodcty,  «na  thdr  economic  future  is  jeoTiardiEcd 
by  thdr  extraordinarily  high  drop-out  rates  from  school  mathematia  and  sdence 
couTMs.  The  Umti»l  States  cannot  sustain  strragth  in  scwnce  with  Icaderrfup  drawn 
only  from  one  third  of  our  peopte — white  males.  We  need  to  attract  the  moat  talented 
student*  &om  nil  purls  of  sodety  to  careers  in  mathematica,  sdence,  and  engineering. 

Chairman  Walgren  forcefully  summariaed  thcMi  concerns  in  bb  Congresdooal 
Record  sUtement  of  Febmary  9,  1989,  I  could  dte  many  additional  examples  that 
have  Qomt  to  my  attention  through  my  service  on  the  Advisory  Committee  for  the 
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Mathematics  Sciences  of  the  National  Sdcnw;  Foundation,  wid  on  the  Mathematical 
Sdracca  Education  Board  at  the  NaUoaal  Research  CoundL  (For  your  information. 
I  have  attached  one  of  my  rccrot  articles,  ^Out  bom  Underachicwment,'  which 
appeared  recently  in  Issues  m  Science  and  Tecknologff,) 


Science  Scholarships 

Several  bills  have  becm  proposed  to  establish  icho'arships  for  college  students 
intending  to  pursue  carrers  in  science,  mathematics,  and  engineering.  The  Council 
of  Scientific  Sodeiy  Presidents  entlmsiaslicaUy  supports  the  objectives  of  theiic  bills. 
At  its  meeting  of  December  3,  1986,  the  Council  unanimously  adopted  the  following 
resolution: 

CSSP  recognizes  the  urgent  need  to  attract  talcnced  youth  to  careers  in 
science,  mathematics,  and  engineering.  Congress  should  take  stepi  to  cn-^ 
able  colleges  and  universities  to  offei  high-quality  scientific  instruction  to 
their  most  able  studrats,  and  should  encourage  programs  through  which  out- 
standing undograduatc  students  in  science,  mathematics,  and  engineering 
can  receive  scholarships  to  support  their  studies. 

The  fuU  text  of  this  statement  is  appended,  as  are  related  CSSP  statements  calling 
for  new  or  improved  initiatives  in  science  and  mathematics  education.  Ai  you  will  sec 
from  these  statements,  CSSP  has  consistently  supported  eJforts  to  strengthen  the  role 
of  mathematics  and  science  education  at  the  National  Science  Founds^tion,  especially 
to  ensure  appropriate  and  sufficient  programs  at  all  educational  levels. 

More  spcciScaUy,  I  am  here  today  to  cxprciys  the  CouncU^s  unqualified  endorse- 
ment of  the  CASE  legislation  H.R,  996,  the  "Coagrcssicsial  Scholarships  for  Science, 
Mathematics,  and  Enginwrin^  Act,"  This  bill  seeks  to  improve  sdence,  mathcmat^ 
ics,  and  engineering  education  through  a  Congressional  scholarship  program  that  is 
balanced,  equitable,  and  highly  visible.  It  will  send  a  good  signal  to  the  youth  of  onr 
nation. 

H  R.  996  gives  equal  opportunity  to  men  and  women  striving  for  excellence  in 
scientific  fields  that  are  critically  important  for  our  nation's  future.  By  prodding 
two  scholarships  each  yeaT--one  for  a  man,  one  for  a  woman— in  every  Congressional 
district,  it  assures  both  cquitallc  access  and  uniform  visibility  for  these  awards, 

AH  three  bills  under  discussion  today— those  of  Congressmcm  Boehlcrt,  Slaugh- 
ter,  and  Walgrcn— build  on  the  established  record  of  achievement  of  the  National 
Sdence  Foundation.  They  are  founded  on  the  strength  and  integrity  of  a  merit^bascd 
review  and  selection  process.  They  would  strengthen  the  vertical  int<:^ration  of  learn- 
ing from  school  science  through  research  by  ensuring  active  partidpation  of  sdentists 
and  engineers  in  the  identification,  selection,  and  encouragement  of  scholarship  candi- 
dates. They  help  complete  a  broad  portfolio  of  pmga .  -  >  ^  H  U  will  enable  the  National 
Sdence  Foundation  to  fulfill  its  mission. 
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I  am  ddighicd,  on  behalf  <rf  the  Coandl  of  Sciaatific  Society  Pn:«dcnt«,  to  com- 
mtmd  you  on  this  lcgial»t»n,  which  nsflccu  mwiy  of  the  prioritira  expressed  by  CSSP 
in  remit  ycMi- 

Important  Issues 

Whereat  Congressman  Walgren*s  bill  proposes  fwrholorahip  awards  to  high  school 
•caiota,  the  two  piop<M«d  bii:^  by  Congiessmcn  Borfdcrt  and  Slaughter  would  <sh 
UUiah  awards  for  college  juniors  aud  ..miors  who  intend  to  enter  certain  careers  m 
adnicc.  One  bill  str«»es  the  need  for  science  teachers,  the  other  is  more  hiQ^A.  Both 
of  the  undergraduate  scholawhip  bills  require  appropriate  scrricc  as  a  condition  of  the 
award.  As  you  consider  these  different  biUs,  I  urge  you  to  examine  carefully  certain 
provisions  that  will  have  great  bearing  on  the  extent  to  which  the  programs  fulfill 
their  intended  objectives: 
•  Leverage.  In  many  ways,  the  visibility  attadied  to  a  Congressional  Science 
Award  is  at  least  as  beneficial  as  is  the  monetary  award,  A  Congressional  Science 
Awaxd  makes  science  visible  to  patents,  teachers,  school  boards,  and  students. 
The  attendant  publicity  surrounding  the  competition  will  help  retain  the  interest 
and  hard  work  of  able  students.  Colleges  and  universities  will  compete  with  each 
other  to  recruit  students  who  receive  these  awards,  as  well  as  those  who  merit 
honorable  mention.  Scholarship  funds  provided  by  colleges  and  universities  to 
those  identified  during  the  search  process  may  wcU  exceed  those  provided  by 
Congress;  indeed,  it  is  quite  bkdy  that  alumni  and  private  donors  will  be  eager  to 
provide  scholarship  support  to  coUe^  and  imiversittes  to  enable  them  to  make 
competitive  offers  to  these  award-wiBning  students. 

To  ensure  the  widest  possible  impact  of  the  program,  it  r.iight,  therefore,  be 
preferable  to  provide  more  awards  of  a  smaller  nature.  Compare,  for  instance, 
the  effect  on  our  national  need  for  scientists  of  having  ten  awards  in  each  Con- 
gressional District,  even  if  it  meant  that  the  annual  monetary  award  were  only 
SlOOO.  In  such  a  case,  evrry  high  school  in  the  nation  could  reoJisticafiy  aspire  to 
having  a  scmor  receive  this  award,  at  least  once  every  few  years 

•  Need.  Since  most  coUeges  base  financial  aid  awards  on  need,  many  studcnU 
who  receive  a  science  scholarship  will  find  their  fi^nancial  aid  award  reduced  dollar 
for  dollar  by  the  amount  of  their  scholarship.  Only  those  from  families  that  are 
sufRciently  wealthy  to  not  qualify  for  aid  may  recdve  full  financial  benefit  from 
the  scholarship.  It  would  be  good  if  the  legislation  could  be  lerittcn  m  a  way  to 
ensure  that  ail  students  who  received  an  awaxd  will  benefit  equally  This  could 
be  done,  for  instance,  by  requiring  that  only  the  self-help  part  of  the  financial 
aid  pacfakge  (loans  and  campus  work  aswgnmcnts)  be  reduced  for  a  student  who 
holds  a  Congressional  Science  Award. 

•  Loans.  Scholarships  lijik.a  to  future  jobs— iiach  as  teaching  school  science  or 
mathematics  or  ^-x .   ^  '  tn  the  employ  of  the  United  States''— necessarily  re^ 
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qture  stringent  conditions  about  repayment  in  case  the  recipient  fiuh  to  complete 
the  ocrvice  obligation.  The  tone  and  language  of  tnch  conditions  conveys  the 
impression  of  dcfenit  or  irreaponaibiEty,  which  may  not  be  warranted  in  the  le- 
gitimate  (and  rommon)  case  of  a  prospective  school  teacher  who  may  decide, 
for  instance,  to  pursue  graduate  study  for  a  career  in  medical  research  It  is  an 
important  function  of  education  to  expand  students'  hori«»ns  and  open  oppor^ 
tonitiea  for  use  of  each  student's  talents  in  ways  that  cannot  easily  be  foreseen. 
Moreover,  science  thrives  in  response  to  the  unex|w»cted— witness  superconduc^ 
«vity,  AIDS,  and  o«one  depiction— so  effective  programs  must  provide  maximum 
flcobiUty  for  talented  young  sdentista  to  pursue  science  itself*  unencumbered  by 
prior  commitments  made  while  in  high  school  or  college. 

M  awards  must  be  tied  to  future  jobs,  it  probably  would  be  Iw^tter  to  structure 
them  as  forgivable  loans— much  aj  was  done  with  the  National  Defense  Education 
Act  (NDEA)  loans  three  decades  ago.  In  such  a  program  the  individual  can  freely 
chowr,  without  prejudice,  cither  to  take  a  position  under  the  terms  of  the  loan, 
or  to  take  a  different  job.  In  the  former  case,  the  loan  would  be  forgiven;  in  the 
latter,  the  awatdce  would  be  respouMble  for  repaying  the  loan.  Such  a  mechanism 
would  provide  flexibility  for  Congress  to  establish  incentives  for  areas  of  national 
need— for  example,  nursing,  sdeacc  teaching,  or  rural  doctors.  A  loan  program  of 
this  type  could  support  more  students  on  the  same  budget  (because  some  portion 
of  the  loans  would  be  repaid)  and  also  provide  flexibility  for  regular  Congressional 
review  to  ensure  that  subsidised  careers  continue  to  reflect  national  priorities 

•  Teaching.  The  bill  introduced  by  Congressman  Boehicrt  is  narrower  in  scope 
than  the  other  two  in  that  it  focuses  on  the  special  need  to  recnut  science  and 
mathematics  teachers.  The  nation  needs  both  science  majors  and  science  tcach^ 
ers.  It  also  needs  a  scientifically  literate  population.  Insofar  as  all  three  bills  call 
attention  to  the  importance  of  science  and  engineering  for  our  nation's  future, 
they  serve  an  important  purpose.  lasofar  as  they  provide  linanciai  awards  as  in^ 
duccments  for  students,  priority  should  be  given  to  the  areas  where  both  financial 
and  national  need  is  greatest.  Science  teaching  is  surely  one  of  these  areas. 

'  Timing.  H.R.  996  proposes  scholarships  to  \  r  awarded  to  high  school  students 
after  they  have  been  admitted  to  an  accredit*  d  iastitutic^i  of  higher  education. 
That  restriction  on  timing— whidi  places  the  awards  late  in  the  student's  senior 
year— may  not  provide  the  best  leverage  to  encourage  talented  students  to  enter 
careers  in  science.  Much  of  the  agoninng  about  potential  career  choice  takes 
place  in  the  fal  when  students  first  think  about  applying  to  college-  Wouldn't 
it  provide  more  cncoungement  to  attract  those  who  are  nut  •  'ready  committed 
to  science  by  letting  students  know  at  the  beginning  of  their  senior  year  in  high 
school  that  they  will  have  a  Congressional  Science  Award  if  they  decide  to  choose 
a  science  program  in  college? 
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Grass  Roots  Support 

A  favorable  attribute  of  H,R.  996 — and  of  any  tdeace  schoionhip  program  whose 
admmiitratioo  it  stnictuxed  at  the  local  levd — ii  that  it  piomises  ligniiicai^  leverage 
for  A  modeit  annual  iavestment  of  federal  fundi.  When  CSSP  voted  to  endorse  thia 
legidatba,  the  Council  expremed  its  commitmtsot  ^  anist  with  luppori  activities 
•ach  as  . . .  encouraging  our  sodetiet  and  society  memben  to  support  the  program  at 
tlic  local  levd." 

Program*  such  as  H.R.  996  provide  a  ^^de  for  the  sdeniific  community— 
individuak  and  organiaatbns  alike — to  become  invol^  in  local  (as  wdl  as  national) 
diftcussioai  about  science  education.  Many  professional  scientific  societies  are  devel* 
oping  plans  to  actively  support  a  science  scholarship  program  if  it  is  enacted,  and  to 
introduce  the  awardees  to  the  disciplinary  pro{essioD(i)  of  thdr  choice.  CSSP  has  re< 
cently  received  outlines  of  these  kinds  of  efforts  from  several  of  our  member  societies. 
Copies  of  some  of  these  plans  are  provided  for  the  Committee  as  attac  .meats  to  this 
statement. 

A  process  of  selection  and  award  of  sckolsrships  determined  by  Coogresdonal 
districts  will  have  the  beneficial  effect  of  introducing  members  of  Congress  and  thdr 
staSs  to  scientists  in  their  districts — to  members  of  the  scientific  profession&l  societies 
who  arc,  in  many  cases,  more  active  locally  than  national^.  These  contacts  should 
lead  to  better  understanding  of  issues  pertaining  not  only  to  science  education^  but 
also  to  environment,  health,  and  scientific  research.  Second  onier  effects  such  as  these 
are  important  benefits  of  this  type  of  legislation. 

Conclusion 

In  summary,  Mr.  Chairman,  the  Council  of  Sciratific  Society  Prendents  finds 
that  a  national  program  of  awards  for  undergraduate  mathematics,  science,  and  en- 
giueertng  students  is  timely  and  important  for  our  nation.  It  is  appropriate  that 
such  awards  by  administered  by  the  National  Science  Foundation,  both  to  ensure 
merit-based  scientific  review  as  well  as  to  enable  NSF  to  fulfill  its  mission  in  science 
education.  The  CASE  scholarshi|M  proposed  in  H.R,  in  particular,  represent  a 
sound  and  equitable  appioadi  to  this  national  need. 

Nationally  visible  science  scholarships  represent  a  worthwhile  investment  of  re- 
sources toward  solving  one  of  our  naUoa's  most  pressing  long*  term  problems;  declin- 
ing interest  and  competence  among  our  youth  in  sdeace,  mathematio,  and  engineer- 
iug.  Unless  reversed  by  special  programs  such  as  H.R.  996,  continued  widespread 
ignorance  of  science  and  its  societal  implications  will  constitute  a  serious  threat  to 
the  health  and  welfare  of  our  Nati^m. 

Thank  you  for  the  opportunity  to  present  these  remarks;  I  would  be  pleased  to 
respond  to  any  comments  or  questions  that  you  might  have. 
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LYNN  ARTHUR  STEEN 


Out  from 
Underachievement 


On  ibc  tmotiM  poiitiari  fturop. 
•atfiWkpic.  la  muoijisi  luuton. 

offooosl  ijiiuiuy. 

Mac^  of  tbe  ocnoem  vitli  educnioo  oeutni  on 
am  diminnhnyj  ifltenmkmai  compctxtivrocB.  Tbz 
cwtooB    indiiptttrtig  ilw  m  i  worid  <tf  nmte^ 

tmam  m  tame  aod  wlmtoir— mter  Dte 
Uite  is  cvidem  ita  U5.  kadenh^  in  ipew«  ukS 

m  ibemific  ad  tpdimHmwri  apfjiicniesis. 

OOQH 

ai  UK  1^  ttUed  71^  Vn^focHtmr^  CiwWitfn, 


To  sustain  scientific 
innovation  in  the 
1990s  and  beyond, 

we  need  to 
revitalize  school 
mathematics  today. 


Ura  A.  Sims  o  PVt*M  or  MattcmttB  B  $i  CUaf  Cotk^  n 
of  tki  MMteBi^  Soom  UK}  pgfi  ipraMiesi  cxf  ifte  M«iJI> 


bued  on  ibe  Second  Interasicmii 
Aaesiia^  of  MxUmmi  Edu* 
caoon^ttiow  ihM  the  iiisxJ!tcin«|. 
ICS  yield  of  U.S.  icIiqoIs  ii 

  »drarotfly  ten  than  ihtt  of  other 

uidusxniitfcd  cxHJotna  ind  fkr  be- 
tow     kveh  sKceairy  to  iwiaio 
owBKmepitsempQartioooflmlcrili^Q 
iQi^mivenm. 

To  make  smen  *otb,  Uic  imottBs  'imina  of 
otmipuien  (m  some  sad  madsemstia  comp^ 
jor  itTTOnroatwrn  of  olqectim  nsd  maaxd$  for 
JtJwaJ  iMtlinnstics  Not  only  hsscompvtiai  chsn^ed 
the  «Riy  mslieiiuua  a  UKdl  ttntf  ston^  Che 
beraeea  esaeimsl  ssC  penphciti  topjci  but  compuj- 
faat  amtemodisd  scmae  ssd  techmJlogy  No 
kaier  It  R  Ri&ieDt  figr  t^x^rocil  sbcmms  akam  10 
hsves  wxtoci  kmpMcdie  maihenuwsci:  so**  til 
«eaim>-i«toKt  vntusfly  sg  |a^^nsiO]ufe--<ii* 
coaater  nwthenuiaal  modcb  in  mi«A  of  whst  they 
do.  Comnry  to  conuaon  the  ubtquity  of  com* 
p«tm  m  wort^jUcc  mcani  thit  lodiy'i  $ai«kn» 
sc«d  oiore  luher  thso  lesi  BuohemsQcs 

Cilh  $nT  change 

The  Caia^  Fouw^uon  rccmtiy  Uuoctofel  a  major 
iDiQsuve  to  Qvertmii  ihe  testhiog  profensoa.  U  ^i}^ 
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MAIKZMATICS 


&r  radical  ditn«am  die  wiy  ttvctan  arc  oiliicaicid 
Mdi  is  Uic  my  iciwpto  <rc  opcndgd,  aS  dkaiiiMd  to 
caiurc  tliA  tfiichCifi  frow  v  pro^ssoniii  with  in* 
onsBi  respect*  tttnomy,  aod  lapwaiteSty  (and 
cQaaifnwiiPt  comiKiaai^l.  Sucfa  ctoga;  aoooKl- 
ii^l  to  Caracve;  «iB         ttKten  10 

to  a  wafliy  h>o^<  ^otc  naiioflil  itpoto  m  Mtlt* 
emsn  rad  vkaec  wiunmwi  are  due  »  a^m  ttu 
year  or  not  gpcaiowd  by  ihe  Ntttoml  Council  of 
llsactam  of  Msdxmici  (NCTMV  the  Madte^^ 
SGkm  E&acasiOB  Baud  (N^)  of  dn:  N«ic«ai 
RcMOdl  Cottiic^  and  Uk  Amcncsn  Asoci^Km  for 
tte  Atfvamtnciii  of  Sdem  (AAA5L  Ahhouil}  iheK 
lusdonjciiqis  difc  litaxly  in  dmd  and 
imaiSy  ^p«r  dttt  Klioote  mm  mcrm  student  m- 
vohcment  m  icsnin«  by  foswwg  »  brood  neiw  oC 
jiiaitirmann  to  nrrrannimrTf  mrnrTTn  'r'--*' 
fl^  maihnnwin  lo  Kime,  sad  by  ininwtoTmi  stu- 

Mcnn^?  fDvvnm  me  ^pdansns,  and 
sdnol  boiidi  an  itaohoiii  to  nii$^^ 
io  Kboofai  by  tsoavini  cmidattt  oo  aooownabdity. 
iy  bCBi^i  the  aitotioo  oC  fwmes  on  acioBl  per^ 
maoe.  potocil  kadai  cxpea  fi«e*ni»ket  fims  to 
cnsore  iiirmal  of  fbe  teit  is  etoaomal  pnvwuB. 

aiiae  dm  «n«>6f  ocm^KMtoa,  ftisS  the 
tioo  of  bi|ber  sttndaidk.  wiB  esMe  admimscrMi 
«aS  teoctai  «i  BKM  icsuto  aad  M  aocorduq^  to 
inHMove  die  quttoy  of  tbeir  icbooli. 

Nm  wxprm^  edwawts,  pototiriant.  and  so- 
cmisa  do  sot  spok  wnb  oae  voiocl  For  rwi;^, 
oxavaaed  empino  OB  «Mc»  usu^  lea^ 
ttitOBDisy     lc«iim  and  sore  f»i|tei  o«  iki^ 
while  fraverstim  OB  snam  timihcitm  tt 
lessls  to  mite  xvoBBent  moiv  difindt 

>kmedieie9S.  the  btM  of  a  oatioa^  oo«tmu  IS 
format  Now,  net  otOy  CM  poiitkalcandtf^ 
ite  ftey  bdiew  in  oduiaw,  tbey  on  ictaatty  do 
soocihitv  ^o«  c  Tfaey  can  msi  6vv  ami^^e&pec* 
taim^  todat,  tenii^,  teaciiui,  and  edu^ 
ptela  for  a  tuttiOQaj  pUxfonn  to  suppcm  cluldfrt) 
Cand  ow  counoy)  as  wr  pjtpast  to  enter  the  twity- 
fim  cenxuiy. 

Expectttioca 

indcpendoKs  »the  haUmaik  of  U.S.  cducauonal  pol- 
icy, wiucbts  set  not  by  the  US  DcpanroemofEfhica* 

Miifai 


UOQ  but  by  16.000  local  sctiool  distrntk  tocal  control 
educmm  is  deeply  emberirtftrt  in  ife:  Amencaa 
body  pobtic  a  kpcy  of  ocmmmoaal  autbonty  that 
rc«fm  to  tbe  stam  aU  omen  not  expressly  iramed 
to  tbe  fedcnl  (o^'cniiiiem. 

\^  tba  tndcpf  itdewoe  is  lanpdy  a  mydi,  cspe- 
daSy  for  matfacinaoci  educatxoa.  Efiecsive  asntrcA 
com  not  froa  WatengMw  biamcratt,  but  firom 
awBadcgwcoinmittmtte^>Swesexa>^^ 
■nonymoui  offidabt  wbo  artnnthiNT  swtardtod 
tesn.  Few  focti  stand  umttipmrrt  m  wtotxmal  le- 
icarefa^bottfaedepeadepot  ofscacfaenonteqboota 
and  of  SR»ictttsao  tcmisasaeepan  mn^  aseum  tn 
Ibis  amoipboiis  diacipltne;  leacten  tCKb  o&iy  what  IS 
in  tbe  ostbook.  and  students  team  only  what  wiU  be 
on  die  M. 

Tbe  lestdt  for  matbemms  «d4tfm»  a  a  de  fscto 
national  cuincidimi.  U  is  an  ^untknKbirvtos^  cumc* 
ubsmthatfo&rwiaspBalofoOTWu  ladsi^  eacb  year 
it^icwuif  10  mncb  c^tbe  im  tbp*  \im  rew  teansnt 
takes  {ulaoe. 

Somst^isucbasCalifantt.  Tba^  Wocon- 
sm.  and  New  b»  ^  r-"*^  p«v%»di^iod  new 
saadaedifp^  msihr  marrs  eoi»r^  eiteo  wab  sur- 
ptisogcr^seqamrt  inCaIifoniia-f>^siaudanlilPd 
uiiair^ityction  of  aBmathnnatirs  textbook  icn<s 
suba  mcd  for  Bitbcmd  adoption— pnnopaay  be- 
cinae  .V  texts  foiM  to  adoQUttttly  develop  ttiidcni 
oqnfaditset  ID  addrm  and  s«.ilw  ocHBPteK.  subtle,  and 
unptwbctabit  pit>Wcroi 

To  focin  «EicntMm  >im  tbe  notwnaf  need  for  unh 
proved  standards  m  Kboji  maibmaocx,  the  Nattoo^ 
Counol  d*  Teicben  of  Maibtsoastcs  ti  prrpanng  i 
deiaiM  fcpim  spefiii^  Ota  onpomm  new  foah  bocb 

Hoe.  Tbese  siaadfitis  spadk  aboet  wb«i  is  aecessary 
and  what  »  ponblc  in  to^*s  mtThfrnam  daa- 
room:  that  sttatox  sboukl  km  tKA  only  anthmenc 
but  niinitfHm>  mcmresieni,  geometry  snsacs, 
and  probaUtoy  afl  the  ways  in  which  giatbematcs 
Qoctnv  in  everyday  bfo--«nd  HoA  they  should  fpin 
otti&dence  tn  their  atabty  to  oooximuman  and  reason 
abotit  BmhffTtfticx. 

Tbcae  tnno  siandsds  spectly,  for  esains^  that  aU 
chikhcn  m  pnmaiy  school  simid  ieani  to  use  cssuna^ 
turn  lechmQua  whcnrvtr  apjm^mauj,  to  use  calcu- 
lators as  tools  for  computation.  9nd  to  eiplon: 
atiemanve  suiieiws  for  s^vu^t  proi^sts^  Stiusncal 
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Htai  iKrame  tte^  sstacbcnli  ftwn 

PW^tium.  C3i|Scn!i»m  wiHi  out- 
ccpa  of  Gtaaoe**)  to  ta^  cdbooi 

and  comsrakmike  06»xMMt**K 
htcmw  |X'mw<w  J  tfag  uh 

TnymtotttCBi  of  ttii&p  ittA  but 
by  BQQonfT  ojMimwui  ft^  tte 
^tttrt.  Membm  of  icbool  botntas, 
aoenditiag  ipam  mt  s»ie  kit* 
oimm  m«  tm  odtaote  tteas> 

Klvei  tlKwi  Hkk  new  luadinti.   

aad  Itai  ioni  tbn  tbey  •ctvaliy 
be  ivotf  by  fc^otri  dmnra  to  evtht- 
n  iIk  miteiiatci  flxtuosion  they  piQVKk. 

Testing 

Gpicmon  afl  qnnar  tbr  cQuwry  «e  iaUaiM(  ftbo^ 
nmem**  ia  onler  to  im  eipcaciat»m  rvilu«ec 
piu|ivuiii  And  «itli  food  rciKm;  msBcot  a  an 
nnqpil  im  of  KKftiflV.  21  n  the  fflcctewn  wbc^ 
iGadm  cn  km  how  siKteAs  iltizai  and  di^ 
are  abir  io  weoBpiisIt  Asaesnent  ts  abo  used  to 
(r^ntate  sDideitf  peifeirnwcK.  to  OQc^^ 
Kteoli^  rad  10  plaoe  nadeota  m  fmx  oourtcs  or 
cveen.  Bmne  atiwum  si  k>  pcrvwrt  aad  btt 
wctapowci^tiBiMtontfacbvescfbomstudems^ 

ali|p  |jiu|icfly  wisb  ciffncidtf  objccii¥e&. 

Ui^vtuaasely,  aiicmiieni  tn  inatemaiici  edu- 
OKioa  »  miy  and  urofNXly.  Ites  dcsgocd  for  di- 
aiaottic  i»Ta»aR!  ittod  &v  miiimn 
mm  6om  stfadeded  popidmmi  (c4^  takm 
die  ScMnac  ApDSxHk  Tm)  m  mod  a  ompaie 
diiiriCA  smI  mac  aad  <scsmoohr  umi  adtk«^^ 

BK  utiA  rittib  nc  icoFt  uupuiKaisi  iRit  b^ 

saatetii  for  BfiBnom.  BcAb  mm  who  a»k  fi»r  ai- 
fonncBi  lod  ttar  wbo  nr  tbr  nndo  of 

ts  caiQt  te  d>e  pan,  awaracnis  bavc  es^sbasnd 
pmaoooat  aad  imiiiioy  upectt  of  Uw  cvmailum,  at 
ibccapmc  of  iudi  "nxolatic"  cxpeoMoo*  a»  Ujc  siu- 


/«  a  sense, 
no  one  can  teach 
matkemaiia.  What 
we  hope  is  that  a 
good  teacher  can 
stimulate  a  student 
to  learn 
mathematics 


detw'i  db*ty  to  fonmiliie  prob- 
tetm.  in*«m  siniefirs.  <ic^op 
Uno  of  anuincm,  tnd  cwnmwiu- 
caie  fcasoQL  Thai>  like  fud|yi^ 
audem  on  tbe  bavs 

of  and  pu^av.  mtlmt 

paying  any  ammcm  to  wtwt  the 
Rudcm  is  tryi^  to  tay.  Rather 
thffl  meitty  validate  oocnpuuium 
with  lauitsDie-choicc,  ntht-oT'^ 
wroiv  quenicmt,  i*«  mvst  teei 
««ysforaeBsud)  mathemataat 
nam  as  teubdity. 
pmstenoe,  and  ikctKicmti. 

  Scwae  win  aifue  thai  tests  on- 

cbanie  lapNtty  k»  new  data  be 
iaoompoibte  with  past  reconis. 
Thtftsa&ai^unauforpvciemf^tfaciianaqua  oo 
maim  how  omdated  it  By  omluimf  measa  and 
aidi,  by  inaldo«  lesoag  mom  uopcmsnt  thin  ieam- 
ia«,  it  bcidi  today's  scudeots  ttonate  to  yenmby'i 


As  acw  naatedi  oMfe  tor  school  loathmat- 
tck  asacomefit  omn  chaatr  to  maidi  the  tmax 
bnadth  of  cQfrasteot^eoiva.  If  tc^ 
mbtoi  wtU  chnift.  Coovmdy,  thciv  is  00  ojorc 
rapid  ««y  to  inpnnv  imsbemKics  educatm  thao  to 
dM|e  dienaodafdi  for  asKsmot  Afcocm  chained 
with  cssttfwg  quainiy  educanoq  gonraoxx  kpsiM- 
ttm  stait  depmm«  c^oduosioo,  sod  aGoixln^ 
^mwh-*iave  thr  pow  to  make  or  break  snvseot 
cfims  10  mfmptt  mathcinatta  educttKm  by  tte  way 
they  oomol  a&cnnciu  practKX,  Siasci  and  schools 
msm  mavh  asaessmcot  practice  to  new  stsadards  of 
ioonKtioo. 

Lamiog 

Oa^irtc  moumaios  of  datty  homework,  mathmwcs 
iipnganiyapaaB¥eoctivtiyfortnQnstodcgts:tgaA' 
tn  lauMibe,  nodess  tmxscnbe.  Mon  uraUicii 
pnacat  maihcmaitcs  »  enstri»hod  docmnc  cnipioy. 
lag  a  **bn»dcan*'  meiapboi-  for  teantu^  that  stmses 
flfht  answers  rather  this  ctear,  creaovc  thinking.  In 
the  e»ly  grvfos.  anthno^  beounes  the  saiking- 
hone  for  tfaa  Mhofitras  modd  <^lcan»og.  sowtog 
seote  of  niynatHw  that  dommaie  srudem  mnudes 
alj  tlv  wty  (hrmigh  colfcge.  Whw  mjihemaucs 
teacher  t^"\  (Hagtnd  wnh  tim  query  'tTao't  you  just 
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MATKntATKS 


tcfi  we  the  •iwwcr'^ 

Yfel  «hxasmaai  mesfdb  provides  unequi\t)cal 
cvvkaoc  tfatt  nvdcmo  laira  iwtemiuo  \«t1i  only 
V'lwa  lisey  explore  ii  wi  ilxir      viMWiuiung  tuise* 

tte  Iw  liate  ramttece  tt  iht  oflKH^ 
pia  framed  m  ttamM  feubocdu.  Jus  «  chO^^ 
need  te  giiponiiBity  to  km  6om  mtfUlLCv  w  siU" 
dew  fieed  CO  cfivifonamn  far  kvnini  mathcmaiici 
ita  iraMei  psmui        fiv  tnal  Ai^  error. 

OesKi  a  wittdi  ftodenti  vt  tM  bar*/ 10  ic^vc  a 
qwtaic  emiaiiw  sod  dmi  etysned  a  doon  t)oiB»< 
woric  probkm  to  karr  ihe  ipprovod  method  will 
tvdy  iraolatc  mvch  tens  meshemiucil  kawM- 
c4|B.  A  br  bmr  imeg/ a  to  let  mtdeno  vncmimcr 
ncfa  eiiiunooi  in  e  onvi^  aMttes.t:  e&plore  ^ 
preidicetoiQhmcmsaffaiduatcstimauon.  gntf^ni. 
cmiiiiscii^  Bsd  eifetom;  end  cotnfMit;  venous 
EDd  iffos  abaut  ihor  mems.  To  lezm 
,  Audema  must  act  out  ihe  vtrbi — "t%- 

-jinm.*  end  **comn»moNc"^n  the  nei»  cumcu* 


la  tlx  kmc  im*  it  it  oai  mathcmaucai  ikiUs 
tibeiPKlw  ite  aie  penieuluty  tmpc»unf — for  with* 
ovt  cnattnt  use  aloit  rapidly  Me— but  the  confi- 
deaoe  thai  o»e  kam  how  w  ind  and  usk 
luaite'wamat  tootai  wheaevtr  they  become  necessary. 
CMy  duou^  praoesa  of  aeamnu  comarucuiMi. 
and  duuwrnm  maxhemasics  caa  this  cotihdemx  be 
but&. 

lb  aummajnj  ftodats  to  estate,  duoover.  and 
fioaatnict  ai  they  kam.  nam  oho;  tiiablti^  iutddim 
{or  the  cnvirosmem  m  «4ach  kartani  takes  {Nace. 
Adauimiiaiwi  asd  achool  bnaitb  must  provide 
mdKn  aidev  apfvopiiate  equipamt,  and  fea»nabie 
ciaaisaca»  that  active  isimiiq  IS  posBl^.  And  then 
ihey  muai  unat  that  teansnt  anualiy  be  active. 


tfl  a  aem.  fio  one  can  teach  nmhemaucs.  Whaiwe 
hope  ia  d»t  a  leod  teacher  can  lumuJate  a  itwAeni  to 
ilr^  mathemrtca. 

For  ttsa  to  0000;  ttachcn  need  to  know  how  10 
txptonu  to  guesi.  to  »,  to  e«im*tt,  and  to  pwovt 
T7i«y  iH»d  ooohdeooe  ih«  they  c»n  rr^powl  consuw^ 
tivdy  to  upeipKwd  ooojectuits  that  nr^eryr  «a  i^u 
dcnta  «iv>  exptoit;  guea.  ost  ciumate.  and  prw 
Too  rfto  mashemms  tcachen  are  Mim6  ih4t  wrac- 


orur  wiU  a  quoAton  ihat  ihe\  can'i  answer  Insrcu* 
nty  k»«cds  ng^ty.  the  anuihcm  of  maihemaucai 
power. 

At  ewy  krvei  Inii  espeaaUy  m  Uwr  coO^  and 
um^^enRy  coum,  prtnpeai^t  leachm  should  team 
il»r  mJBhematici  m  a  mantier  coosuaenf  with  the 
scyte  m  whwh  they  will  be  cJipened  to  teach— as  a 
process  €£  commtcuni  and  mierpretivv  pancrm.  of 
dmsiBg  stiamtfs  for  soivtag  prc^^tema.  and  of  discov  • 
emit  the  beauty  and  a^iiicatiom  mathemaocv 
Above  ^  coufws  taken  by  piospectivie  Kxctttn  m«m 
create  *a  thOK  tcachcn  confidence  m  their  own  atnU- 
ttea  to  help  studenu  learn  to  appnraatt  the  nchness 
and  encitement  tn  maihematK^. 

So  here  s  ■  ittk  (or  coUetes  and  univenui^: 
^ach  teachers  as  we  would  Havt  (hem  leacn  iiwiUnot 
he  easy  to  hnd  sutfkient  faculty  weU  equipped  for  thu 
lask,  for  coUcfc  maitwmatin  a.  on  the  w+wte.  pre- 
vntcd  m  the  same  atobcmtanan  manner  as  Khool 
mathcnw»  Af^  aH  ^achers  teach  ta  they  weft 
ta&^t.  Perhw  the  Nmmal  Science  Foundation 
shouhl  sum  quabty  teschstq  in  scienct  and  math- 
cmaitcs  even  as  II  stresses  qu^Tv  rese^ch,  as  miu^h  to 
fedehne  the  acackmic  reward  system  as  to  sumuiate 
mnovanoo  m  underfiaduaHr  instruOKm. 

TeacbercdtiOKtoii 

Twn  recent  repots  by  the  Oungpe  Commission  and 
the  Holmes  Gfchip  of  maior  um^enmes  lerommend 
ahoUhing  ihs  undexgnduaie  vMm  tti  educauon  as  a 
neoemiy  first  step  for  retft|ecutt«  quality  tn  pubbc 
ichools.  Time  recommrmiatH^  aie  based  on  t«o 
laudato  ob;eCTsve»:  to  ensure  that  war^  m  are  weli 
grcmrKled  m  the  suhiecu  They  teadt  in  Utai  fbte 
snidents  arc  actnctcd  10  carecrv  m  teaching. 

Those  who  woukS  teach  mailiemat&cs  need  to 
learn  coniempotary  maihematics  appropnite  10  the 
grades  ihey  wiU  teach,  tn  a  siyte  amsBoeni  wuh  the 
way  in  w^ch  they  wrfl  be  etpened  to  teach.  They  aho 
need  to  team  fMw  mvdents  team »  what  we  kitow 
from  research  (not  much,  but  fmptmnik  a^i  what 
tvedo  not  know  ta  gieu  deal).  And  they  need  to  learn 
enough  about  sctesKre.  techrmksfy,  busmess^  and  social 
ioenct  so  that  ihrv  can  con»*y  mathemancs  m  the 
contrm  where  n  mosi  naturally  ames — tn  measure^ 
mtni  graphing,  prediction,  and  data  analysts. 

Brcause  maihematics  is  one  of  the  few  discipbncs 
uught  throughout  the  entire  13  veais  of  school  ^K-IZ) 
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and  loqiiemjd  gniwtti »  «  finti  pre. 

uj  the  ocxi,  tHe  vd^^crnxm  of  tk> 
ntassMry  «cbo(M  te^rtet  a  espe- 
Mfiy  tmponutt  Vet  UiuKd 
Siiiei  a  ooe  gf  lew  ooumm  m  the 
tiw  odmnnia  to  (uttend. 
d^P^nuvmc  cvi4mc  to  the 
<w«iiry.  thK  dtmeottiy  letocA 

jecii  «qttii&y  wcfl.  The  ft^  is 
dgtncnm  y  uichen  loo  ofttc  ake 
jinitmcoiimmmsihciiiiiKLAfh  — ^^^—i 
proidiiai  n  wnh  titiMiiiion  and 

»  Such  ttxhen  ast  uiUiktJy  lo 

w  hm  ooiAkiKe  m  iheif  itHli, 
iki  to  eemSTM  nmkemmja  ipf^opntK  'o  ihw 
-  Uv«i.  Olta.  nimocBd  etemenun  tcadvfi  move 
BP  to  middte  |wde«  (tww  of  imhaijaax  itt  «iu^ 
»«M|withq«i  ever  temtai  i«y  m«T  nuthematiaL 
Hiipn)dkiiucknitae^^-i»iumvvfi^h<'  ootii^ 
nmoxBoO'-ihii  conpei  ilKw«iifui  pocpte  to  »y 
staM  caoa^  it  ew«|h. 

miihcTnimj  tpecitfaa  »ta  pwpwrt  i&  ^adi  ytmng 
bo^  m«hnfiiiici  tnd  a^srmv  m  in  nms 
gmfol  dteomy-hvcd  ammaoKnu.  To  bnni  this 
•toitt.  iiwpi  ito- oamtoim  rwiBifTOcms  to 
cnmniB  «fi9Ctn«  ttK  of  ifldi  vnchm.  exi^^ 
Bush/mioe  tcachen  can  br  psuredl  «r»ih  Tinyinr 
m  idctai  io      praury  ^rvdet;  ohcnumvtiy.  « 

««  w  in  caare  iciiaaL  Mcmmhiku  unmmie* 
M»t  wipicinem  new  nwheinat^  ocmm  wiih  m. 
wnioon  who  wtfl  impgc  pttwpqaufT  ichoc<  mriarn 
togioarwithronftrtnwr. 

^  *  ^  edacKjoo  »  oyf  number 

oneprMi^ or m  mm croptusue K»ncv iziU 
nsshemia  lo  aspRnne  our  tiwnmonil  ampm' 
tnvML  M  wod  ooacmc  pc^iacs  and  pnoframs  ^ 
uu|iiiiieiiasf  1  bmd  ocw  ewhciwics  aocadt.  Wr 
gwttiayoirf  piwwil  approtchci  ano  ihem  mcvnrtly 
iBotet  eftjctt  Wheas  man  of  the  compter  educa- 
do^jjI  ^mn  mnmis  fried  i^hiic  only  pam  of  it 
cfaiap.tekiaHMOitfBimi^iPim.  Wcmuittf^ 
fixtt  iBfldtfy  ea^ciaticnii.  tcmni.  totmini,  icachinf. 


IVe  must  modify 
expectations,  testing, 
learning,  teaching, 

and  teacher 
education  all  at  the 
same  time. 


and  teacher  rducation  all  ai  iht 
*anwt«ne. 

That  may  souod  Uke  a  pre- 
toiptum  a  rr\o<yfion  Bui  u 
cin  be  achieved,  far  mm«  effiec- 
by  puoauMed  evoUitHMs 
ftwamc  nwheirratici  cducatton 
ia*ol*n  aulhoos  of  peopte.  ttK  «yv 
aw  unam  chaofr  «|uidUy  in* 
fttad.  amcgsct  &^  chaofr  must  Oe 
Qfchmraicd  to  that  everyone 
.  oio%w  ifi  thr  same  ditectHn,  at  the 

samr  ume.  Abo^v  an.  mint 
avoid  die  ^mptaium  of  «|UKii  htet 
Of  fimpiistK  soiutKini. 

Coofdmatin*  a  nmmwide  plait  to  jmpro^ 
m^fllKtnatJcs  e<Jucaiion  o  a  leiwm  challcnie  to  p(Hi 
ca.  keaden,  Sctettusts  and  mwhematKnaniL  to  ewro- 
pft  can  set  standards  fyf  their  ducts^oes  and 
lUuminate  productive  pathways  for  eoucauonai 
PKfnm.  but  thev  imrtjy  know  how  eo  ^crm  m  the 
odiKww»l  aim  Educason  pnml^  know  how  to 
cha^e  vmrn  picm    the  punfe.  but  they  nixft> 

have  e^t»f  the  pmpecthc  or  the  power  10  efiieci  ta/ge^ 
ladechasit- 

Lodetvhip  to  improve  snathemaoci  cducnton 
moitihqttoe  move  hryood  academe  m  the  broader 
•twa  ^  pat)te  po*^,  MTsvided  wch  (ea^tenhip  a 
tAfimnod  b>  sound  4eimdi(4  of  the  osuo.  The 
«scnda  should  mducte  the  foUowmg: 
p  Prcmiotc  hi|h  eRpeciroma  of  schod  matheiT»i^ 

Ki  bscd  on  new  standanfi  rather  than  M  "hk- 

sici." 

p  Puavdw  simpimic  proposals  and  mmdle»  cxim-^ 

pm(»tt<^  test  seem. 
►  Requite  that  offciai  aisewnent  iiwmmitms 

ro»ch  onettt  oimci^  ob^ectjvct. 
p  fund  ummtf  pvmnmi  (or  tatemed  youth  to 

Qstnun  a  new  fesefmo  of  MKhen  and  scM^ 
astHs 

p  Encour^  wfdeipmd  use  irf  ctknaioms  ar^ 

oomputm  as  tocMi  for  cakruiatKm  am5  !P;:m- 

ncsRS  of  dfSoo>€ry. 
^  Cremt  luuuuirts  for  umwiiiuga  ta  oippr^ 

ity  undcsyraduate  leachxi^  as  sttmtlv  as  quality 

research. 

p  RoQbor  that  aU      teachers       imtm  sun- 
dards  for  pro^esstooal  pmmuon. 
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MATHEMATK3 


»  Providt  ample  o|S|nnuiiaiio  fof  commumg 

Dkim^  «( tfai»  iii»di  via  m  repM  ui  l« 
uaaint  ilitftKi  ilNc  next  iprtfiS  noBttu  by  twidi  iIm^ 

Couad  of  Ikadm  of  MttiMsaaM.  Every 
l^ivcnm.  every  Ic^rimi;  and  opccMfiy  ow  bcbs 

m.  Our  |oii  for     19901  mm  be  lo  mBlce 
«fdttict  ft  p«S9  iKtaer  Dym  •  fiber  ui  cmr  nmm't 

Oft  teiniii*  Fin<awiiM.  S9M. 

TboMCooan.  IM  (tf  Mbfm:  Wlin  Hi«r  «t  UtnsBd 
INn  WMTVivr'  Hmktmm^i  Ttodim  ll  iMir  l9Bir  392- 
Ml 


— n'if  ^tywwttiB  or'  r«tic*wy.  IMS. 

m  DC  <         AfiMBttr  pm. 

Umtt  fiittr.  Mwfci  miMMl  Awraww  qf  Ajpgnok  l9iS 
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Resolution  «dopte<l  by  t^e 
Council  of  Scientific  Society  Preslaents 

Oecertier  3. 


SCHOLARSHIPS  TO  "fflE^  STUDENTS  IN  SCIENCE, 

MATHEMATICS.  AND  DiSINEERINfi 


to  offer  hl9l,-q«ilty  scientific  Instmaion  to  their  5os?!birst!Serts  !l^ 
suS?'tS}J^Jl«.*"'  -^eive  specfdl  scfwlarshlps  to 

prepared  by  the  »>1te  House  Science  Council  Panel  on  tfte  HMltTof  u  s 

^!L^?S*^I"*^!\?r2'"fL°'  «Ht-l»ased.  portaole  sctolarshlps 
Should  be  established  by  the  federal  govenmnt  at  the  imder- 

S^M^-tilf  dependence  opon  unlwrslty  ,4seaah 

fi^^f If    ^"L!**"'*'!!?^  we  w«  able 

]«f  undergraduate  students  In  Mtheaatlcs.  engineer- 

ing  and  the  natural  sciences  entering  colleges  or  unlwrsltles 

'rSii^L'ed^!*-^'^^^^  r*'' ?hir;^!ii"s 

^'       *  substitution  for,  existing 
^f?'^**?  assistance  prograM.-  {Section  ¥.  The  EnvirSn- 

■ent  for  Acadeale  Research  and  Education.  Subsection  9  RecMoen- 
datlon  5,  page  29  A  30}  — .cunwn  Keci^en- 
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couMaiOF  saEMTinc  soanr  prisimhis 


Council  of  Scientific  Society  Presidents 
Ststement  on  Undergraduate  Education 


Decenfeer  4,  1985 


The  Council  of  Scientific  Society  Presidents  endorses  the  initatlve 
of  the  National  Science  Board  In  undertaking  a  study  of  undergraduate 
science,  rnathematics,  and  engineering  education.   The  undergradu- 
ate years  are  a  crucial  period  in  the  education  of  all  *^o  are 
headed  for  careers  in  mathematics,  science,  or  technology.   As  was 
well-docuntented  by  earlier  testimony  to  the  Board,  signs  of  weakness 
abound  in  science  and  mathematics  programs  at  the  undergraduate  level. 
Because  of  severely  inadequate  funding  levels  for  undergraduate  edyca- 
tion*  the  National  Science  Foundation  has  b^n  unable  to  provide 
national  leadership  and  resources  to  help  bring  about  necessary  improve 
ments.  Therefore,  w  strongly  urge  the  National  Science  Board  and  the 
National  Science  Foundation  to  restore  strong  support  for  collegiate 
science,  mathematics,  and  engin^rlng  education. 
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coftKiof  scnnnc  scxnr  wtt5««Mi5 


RESOLUTION  ON  NATIOHAL  SCIENCE  BOARD'S 
UtiKRGRAOUATE  REPMT 
tWt  14.  1986 


relMsetl  report  to  the  Science  Boaro  {»S8  86-100)     iTare  dImLT^*  lh« 

^t?:; Seine's  Jr*""^'''  ^^fiJ%;t^ii2  szrn^i  s 

prowtlon  of  excellence  in  tmdergradMte  tewliing  and  learning. 

*«roS^tl]?<J!'3I*'"^?S::!^*'  "L!!!*  ""ch  naMW  efforts  to 

nSlS's^eSJllX  Sld^^Ir^**^?^":  ""^  enslneerlng  eAicatlon  In  the 
mI-1^-L  ^  s«c<md«i7  schools,  has  been  concerned  for  sowtlw 

2"  ;?SalS  JhS^'o$*?L"?*  t*e"  umlertaken  at  the  ulSgJsLTJiSl . 
w  appreciate  the  need  of  the  Foundation,  given  tJie  econtMic  sxitmncit^  Hnrfor 
J^lch  It  oust  operate,  to  support  only  'le?era9e?^Kt1y?Sls  £^r« 
^1^  •*!^^"«"  »"^'-*«  »^  national  sMpe^J  ifl  halt  wShln 

instruction  in  sclencf,  mthentlcs.  ami  technolosJ.  wnirowiaw; 

1nd1cISd'fS^*^S5*.?!J'"T'.''^  '"^^"8  undergratfuate  prograas  as  l 
h2«rt    wf  **       •<BliBw  reiiulred  to  accotnllsh  the  task  at 

S^itioLr^t'^fiir*"  funds  not  be  diverted  fri  pricSlw 

^^I^*^!*'  «™     critical  need  ofiiiK^  fS  the 

Foundation.   We  trust  that  each  research  division  of      Irfii  -hmw.i* 

01rect«»-ate  f ^l^irijj  f^fLMnflLat  "  In 
(leveloplns  undergraduate  program  appropriate  to  the  varlwi^SJ^lws. 

sc1enIlf1c''^'^«iS  leadership  position  in  the  field  of 

M.f<*^.*"^*''*®'^*"8  research  unless  the  foundations  for  this  research— 

s^SlcI^^ti'cf'^?^"'!'"*-!'^  -PP'^Pr1«teunde;i^r"adSLeluc-«*  T! 
slud^ti.  '   "  engineering-are  fimly  In  pL.^e  for  all  our 


244 


nteumtMMP 


•  II  L«! 


.Of  scRMiinc  soonr  msmm 


feoruary  25,  3987 


T?tt  Honoraoie  Rooert  A.  Roe 

Co«Dttt«c;  on  Science,  SpAce, 

l|,S.  Hqusc  of  RepfTsent4t1*es 
U&shimjton,  O.C.  2QS1S 

Dc«r  Repr«senut1re  Hoe; 

The  Council  of  Scientific  Society  Presidents  (CSSP).  «n  organua- 
tloti  «ae  itp  of  the  presidents  of  wre  tiWR  30  scientific  societies 
wltft  A  c«»1neO  iM»er5fi1p  In  excess  of  SOU.aaO,  revlewefl  the  t»2 
r«c«BBend*t1ons  offer«a  htf  «r.  Fyqua  wpon  his  retirement  fro* 
Congress,  end  tfte  CS5P  ExecytWe  Board  h«s  apprweO  for  jfour  con- 
sioeraiion  tne  foUtftili^  qos»nf«t1wi».    (In  the  tc«t  that  follows,  the 
nwoers  In  parrntheses  refer  to  the  correspimain9  neco^KhOation.  J 

In  hfs  farewell  oessa^^  to  the  House  Science  and  Technology 
CowUtee,  Chairwn  Don  Fuqua  ca11e<l  tor  Increased  federal  support  for 
tt:lence  *,,,even  In  tlaes  of  <lef1c1t  reliction  (U."   The  EAecutlve 
Boaro  agrees  ulth  this  call,  oot  wild  replace  "eYeR**  with 
"especially."   Strong  support  for  science  It  easentlal  not  only  to  the 
ijMallt/  of  life  throu9h  its  applications  in  technolo^icat  de»elop«ent 
tMt  also  because  It  represents  a  rational  conltavnt  to  the  ethos  of 
9pmt  Inquiry  designed  to  provide  deeper  Insights  into  the  nature  of 
Ow  universe  1ft  i*ilch  «  live,    »r,  FvK|ut'5  recfiwaewlatloni  are  coa-- 
prehenslve  and  constructive.    We  coopena  him  not  wly  for  the  thougnt- 
Mfiess  of  the  reroawendatlons  in  his  farewell  address  hut  also  for 
Ms  aany  SMOStantUl  contributions  to  science  over  his  years  of  serv- 
ice as  a  %iOer  of  Congress. 


In  supporting  his  recasnnoatlon  «5at  basic  science  --ecelve  at 
least  11  of  the  federal  budget  11),  «e  urge  partlailar  attention  to 
his  rcawwndatlon  that  a  careful  distinction  be  wde  between  b4Sic 
research  and  developaaent  t25)  and  «wt  they  be  budgeted  separately 
with  better  overall  planning,  to  be  sure  that  no  inportant  basic 
research  Is  being  neglected.    The  linkages  between  research  nd 
developwnt  are  necessarily  ctose,  but,  without  a  distinction  for  the 
purposes  of  resource  allocation^  support  for  basic  research  can  be 
diverted  Inadvertently  to  senre  short-tcm  needs  In  the  absence  of  the 
basic  knowledge  re^ilred  for  sowwJ  develo^nt  133).    This  distinction 
would  oe  of  considerable  value  in  assessing  the  (^c^ne  of  suppwt  for 
basic  research  In  the  Jsllltary  R  ft  D  (23). 


1155  16m  » .  N.W.  Washm^^poa  D  C,  20036     C20Z)  872^«52 
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Tne  HgnoraoJe  Rooert  A.  Roe         -  2  -  FeOrmry  25.  1987 

The  neea  for  a  significant  Increase  In  si^port  levels  for  6as1c 

Research  program  recoaaended  for  support  on  the  oasis  of 
qualltjr  far  exceea  the  funds  a»a11ao1e  for  the*.    In  aoaltlon.  even  a 
consenratlve  long-range  Interwtlonal  policy  regaraing  support  of  large- 
scale  science  (18.  19  ,  20  .  21.  22j  ^11  tHreaten  Wr  science  In  t^ 
aDsence  of  additional  aase  levels  of  support  fzij.^  F^w^  coliSent 

*«>  Pr1«r11^  for  ^oung  Inves^tlrl^r 
Implies  additional  support,  particularly  in  view  of  the  aanj  excellent 
research  proposals  irfilcn  are  rejected  strictly  for  lack  of  funding  There 

r-  "      'f'      co«pet1t1on.  ana  oovlous  funding  snortag« 
assure  that  support  for  aargtnal  rasearcfl  Is  iilnlsBl. 

Mr.  Fuqua's  support  for  science  and  «otlieMt1cs  education  is  most 

^l^^niS  \       ""^'^^^       quantity  of  future  science  «in  oe 

determined  directly  t>y  today's  education. 

Hon  J$5i®  ^liK"?!!^"^  1^       ""e"*"!*  and  valla  data  regarding  educa- 
I!!  •11^'-  ^"'"""'^^on  ««st  include  wtters  of  qual1t/as  -ell  i7 

^^L»^'„f""  "?f«""  sufficiently  specific  to  Identify,  fo^  exajle.  a 

Mthe«t1cs  or  cnealstry  teacheri  even  if  ther^ 
happens  to  Be  a  sufficient  supply  of  certified  Biology  teachers. 

I**'?^"?'  P««""t1on  of  sich  infonatlon  Is 

certainly  a  principal  unfulfilled  responslBll  1^  of  the  federal  govem«ent. 

«,.r  rllT        J^f  ""rt^  «ata  no«  avallaole.  mere  can  be  little  aouot 
««lw'^lT^r^!rf"''"^'*  ""^       "-^thened  with  «ore  supporrfor 
/a?!''*!!'-  ^*V'  "T"*'"  ^'^^^^^"c  literacy  amng  the  p^latlon 
Snwl?  (47).'  «««      calculators  and  coilputers  in  our 

™,.  "'■ons  support  for  Iqjrovlng  the  quality  and 

SS^r^^^.S:'^'        «the«t1cs  and  science  Instructors  (401.  But  S 
^^^i^^^f,**  ^  Increase  the  quantity  of  instructors  aust  avo^d  Oaaaglng 
n  2u  solutions"  (40).  win  certainly  Be  neeaeHut 

V°   excellent  educational  programs  ana  ennanced  support  fo^ 
^n^^^*^"^"!  profession  will  solve  wn at  Is  now  recogn^Ued  as  a 
ClW  «the«t1cs  education  at  the  prlsary  aSd  secondary 

f„,.  ^'"■'""S  reservations  a&out  the  proposal  to  nve  responsioility 

S  t^^^L'rlSnrT?!'''^^**"?;"''"  "**^°'»'  Science  Foundation 

SJTL^ld  r'i"L°L^'Y,!;"''?  *  """^         science  educa- 

tion snould  Be  11*ea  with  science  and  scientists  and  that  the  role  of  the 

Should  Be  expanded.    It  Is  l3|>ortant,  too.  that  peragogical  research  be 
conducted  with  me  direct  lnvo1ve«ent  of  1ndiv1duairf?o;  the  p%^ca! 

'T!:"^°"'^'        ':'»9n1tive  sciences  as  ^n  ii 
Trtm  the  peaagoyical  olscipHnes, 
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The  Honorftole  Rooert  A,  Roe 


-  3  - 


Ff?Oruary  25,  1987 


We  oeHeve  tne  long  tenn  quality  of  scientific  research  at  ojr 
Rat1o*i's  universities  is  In  jeopamy  if  capital  facilities  are  not  maln- 
talnea  and  ennanceti,    Mr,  Fuqua's  proposals  14.5,6)  are  Innovative  and 
constructive,  out  support  for  capital  facilities  cannot  oe  arat<n  frc^  v\e 
existing  science  su^ort  pase  without  serious  jeoparcty  to  tne  overall 
scientific  enterprise  and.  In  particular,  to  tne  young  Investigators  wnose 
developnent  is  essential  to  tfte  definition  of  the  science  of  tfte  2Ist 
century.    We  support  nr.  Fuqua's  call  for  lor^  range  planning  and  annual 
midgeting  for  infrastructure  out  note  tHat  tnis  cannot  De  done  solely  &y 
tne  universities.    Natloiul  oecnanlsss  for  aalntalnlng  support  facllnies 
are  needed. 

We  can  agree  that  'total  freedom*  In  science  and  technologiy  is 
unreaHstic  (I5)-*1ndeed  we  douot  tnat  anjr  serious  scientist  even  suggests 
that  It  Is  either  wise  or  posslote  in  the  conwwporary  world--ana  recognize 
that  Doth  ethical  responsloll  Ity  and  social  coiKems  pl^  a  role  in  vir- 
tually all  research.    To  address  these  Issues  appropriately  requires  the 
Involvenent  of  Droad  segsents  of  the  Intel lecti^l  ccmnunlty  as  part  of  the 
continuing  congressional  Inquiry  suggested  oy  Kr.  Fuqua.    The  National 
Acade«^  of  Sciences,  in  particular,  could  play  an  i^)ortant  role  here. 

For  puq*oses  of  developing  national  policy  on  support  for  science.  It 
would  De  particularly  useful  for  ar^  inquiry  to  focus»  In  part,  on  the 
extent  to  liilch  national  t»cnnolog1cal  needs  not  only  determine  which  areas 
of  science  snould  gain  support  advantages  5ut  which  areas  of  science  would 
suffer  as  a  consequence  Decau^  thc^  are  not  perceived  as  inaealately 
necessary  for  economic,  technological,  or  security  Interests,    This  issue 
Is  of  special  Importance  in  any  pn^osed  working  relationship  Detveen  NSF 
ami  QW  (23)*    Hixh  Mr.  Fuqua  (24),  we  strongly  urge  disavowing  the 
Mansfield  AaendJ«ent. 

Mr.  Fuqua *s  recosmndations  for  aodels  of  oasic  science  support  {5,  6, 
7)  writ  careful  consideration.    We  neertHy  support  his  proposal  (S)  that 
Institutions  receive  a  fixea  otrcentage  of  all  direct  research  costs  for 
purposes  of  long^terw  Infrastructure  support.    It  mayjf  also  &e  worth  con- 
sidering estaolishing  a  policy  of  Indirect  costs  Oeing  paid  as  a  fixeo 
percentage  of  direct  costs,  that  percentage  oelng  the  sa:^  for  all  academic 
Institutions.    Present  policies  result  In  oiffering  allocations  for  tne 
saiw  research  independent  of  auallty,  and  can  lead  to  dlsai^antages  for 
sow  scientists. 

While  There  may  De  some  justification  to  providing  forOila  grant  sup- 
port for  science  In  a  ^^ay  *nich  parallels  tJiat  for  agriculture  i6}.  in 
general  this  Is  a  wodel  which  can  wont  for  shorter-term,  mission  oriented, 
or  developmental  research  Out  Is  not  likely  to  wort  m]\  for  &asic  science. 
Theory-  and  idea-driven  science  does  not  leni  Itself  to  direct  cost 
forrolas. 
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unWeSn-f^  SfL^L'^Jr'^f"*  suggests  {7t.  n«M  for  adaltlona!  reseanrn 
^c!!^l:    5;,  1t  is  not  evident  th.'t  the  targeiefl  approacn 

Se  "  «  universities  n«e  e«r5a  graL'nJ  through 

»!  "'^'^  *!:•"      enjhasls  exist  at  scm  unl.erslties  «jt 

i^.?  ufllwrslties.    This  MS  Wile  possible  uirLgn 

loc.1  aealcation  in  Drinainj  first-class  talent  to  caucuses  ami  thir  in 
t«e  federal  support  needed  for  aoflitionil  areas  of  ' 
I]^!??:  ^*!?>«^^"8  1n-tit«jtions  Merc  tne  traaition  of.  and  1n«estaent 
in.  excellence  does  not  exist  is  likely  to  De  cquBterprodu^tive. 

hfnt^I^L.i"*"*'  ^*  ?  "  cownaea  for  opposing  restrict1»e  legislation  in 

*^  1™       e"c«»"-«g1g_tftB  ewrgenie  of  a  strong  tSd  coietitive 
ttioteennoloay  industry  (34).  oelie^eTthat  w  do  wt  new  nSTleois! 

fiwr^^ItLJ^  «r"^  restrictive  legislation  .-ticn^ill 

Sl^*  °^  products.  sittA  as  vitaBin  C  and  fmnn 

12;   ,   *^  unnecessary  controls  on  university  researcn  Me 

" "e^t  SiShoS  •'""rtsing  -»«  te^rmofoTt^-t  « 

Science  is  i^Krtant  to  the  econosic  wll-oeing.  securftv    ana  t«-Ji- 

r.J^nS^tn'^nS:?:!"'''      "     ^«  *"  m^iKi^^s^rTs; 

2f  itl«f?  "  unoerstanding  of  our  universe.    This  aspiration  can 

scientific  literature.    The  astonishi^  dS^?op»nts 

«lHtv  ^  *  '"^"^"S  iwiristics  to  differentiate  the 

^fl  %,il  ^^^J*""*'  ~*        occurred.  1^*6 

i^'-ni  JTITJ  f?!'^  occasion  an  u'tiMtely  excellent  idea  or  aevelop- 
**  f*"  **•  *«^*  ^«  no*  to  have  these  guiding 

orthodoxies.  Muld  prevent  any  suostantive  differed  JS. 
En^^fJrl^J^  ?*  »lf-cor^ting  natuni  of  inqulny  belies 

X  fil  (Si)  or  >:ientific  orfliodoxyVe/sTcM) 

«  wll.  and  self-li.ft*ng.  rale  in  our  attests  to 
SC2n'^r?^1*r'^,2rn"'^  for  a/healthy  science,   ^^larly.  a 

healtnr  if  geographic  vsrialjles  (54)  or  perceived 


Me  enoorse  Mr.  Fuqua's  ittci 


^  iJ 
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The  JtonoraDle  Rooert  A,  Roe  -  5  -  Feoruary  25.  1987 

X  aiTd      colleagues  on  xr\e  Council  i^suld  De  cost  pleasea  to  respona 
to  dty  questions  or  coswents  mat  /ou  or  jrour  staff  migtit  n4¥e  on  tne  aoove 
ooservatlons. 


Qialrman 


Attadnnent 

cc:   ZSS?  Executive  Boara 
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CD  Ma  Of  sciNiiK  socsir  niESiDQns 

,  ^wldtloa  of  tft« 
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comof  S(iMnnc  socnr  roEsn)EHTS 

R«Bolution«  Adopted  by  the 
Council  of  Sciewtific  Society  Presidents 
in  Si&pport  u£ 
Hath^*txc9  And  Science  Education 

May  13,  1987 


RES0LUT10J»  A 

The  Council  ui  Scientific  Society  Presidents  si^;»pQrts  increase<} 

F«sd«c«l  Appropriations  to  expand  susner  prograas  for  secondary  and  eitnaen^ 
tACy  aAthtssatLcs  ^d  sci^tiiice  teachers. 

The  objective  is  to  serve  a  diverse  populjktion  of  teachers,  who 
would  becoae  wore  elfective  by  acquiring  further  knovled»e  of  cont*»nt  nxid 
pedagogy, 

Cooisents 

Tfacheaatics  and  science  are  becoain^  aore  important  in  understand*- 
ing  «nd  salving  the  world's  prubleas  and  in  aaintaixiing  and  isprcving  the 
coBperitive  position  oi  the  Uns^ted  States*    Macheaacics  and  scienie  are 
changing  snd  expanding  rapidly.    Standard  pre-certification  ceache.* 
preparation  prograas  cannot  possibly  include  all  the  content  and  pedagogy 
needed  by  teachers  today.    Teachers  who  were  prepared  10,  20,  30  or  even 
40  years  a&o  are  Ixkely  to  be  inadeiiuately  prepared  to  teach  aatheaatxcs 
and  science  today. 

Evidence  exists  that  the  USf  institutes  of  the  1930 am-  60 had. 
substaati.al  positive  influence  on  aatheaatxcs  and  sciexice  education.  :iost^ 
Presidential  Award  winners  ii^o  were  teaching  at  the  tiae  institutes  Wfie 
widely  available  attended  one  or  ssore,  and  give  very  positive  evaluations 
of  thesi.. 

We  believe  tiiat  prograns  aodlfied  in  light  of  changing  circuastan- 
cea  a  i4iat  we  have  learned  frofi  past  institutes  provide  an  econoaical  and 
effective  seans  of  helping  satheaatics  and  scit!nce  teachers  acteapt  to  stay 
abreast  of  recent  developaents . 


RESOitnXOli  B 

Iha  Federal  Sovernaent  should  conduct  an  annual  s tat e-by-s rate 
aasessaent  of  precollege  oatheaatics  and  science  education.    This  assess- 
aent  would  obtain  inCorvAtiou  peiiainiog  Lu  Leaiiisr  sal^cifes*  ^aaUCica- 
tions  and  loads;  graduat>.on  requirements,  teaching  and  laboratory 
equipaent,  instructional  tiae  and  stad«at  perforaance. 
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RfSOLutlOM  C 


far  »-»r«i^'"'  "l?*''""         «sncour«ge-«nt  ar«  ee.emi.i  component, 

tat  lAprmxng  .cvence  aai  MthcMCica  education.  »~.«"«.s 


RESOLUTION  D 


If  tha  Onite4  Sc^tei  i.a  to  incroMc  it«  tecimological 
e^i^^r"'^**        "  th.t  science  and  o.the«.tic«  «d„c*tvpn  be 

^^L!^*       5°'^  «athB..cic.  Teachers,  be  created  to  identify 

and  recognxie  educator.  »ho  have  had  exceptional  succee.  i„  teachinrl^d 
~txvatu«  .tudent.  „Ho  have  been  hi.tprically  at  ri..  in  L^^IuLll^d 


RESOLUTION  E 


?'  encourage,  it.  ...dier  .ocietie.  to  bring  the  luMwiedite  and 

the  i-,»rt««e  of  .cxence  ««l  «*thi»atic.  in  their  daily  iiv„.  ^ 
enmwe  a  acientvfxcaUy  ««1  .athe-atical ly  iterate  citLenry. 
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COUMGLOF  SOENTifK  SOOEIT  FRESIDEMTS 


Council  of  Scientific  Society  Presidents 
RESOLUTION 

Minority  Participation  In  tr>€  Scientific  Professions 


The  current  level  of  minority  participation  in  the  scier.tifK  profes- 
sion is  inadquate.    The  Council  of  Scientific  Society  Presidents  dRlieves 
it  should  be  Incresseo  and  encourages  its  supporting  societies  to  nork  on 
increasing  the  number  of  minority  participants  by: 

1.  Increasing  efforts  to  recruit  underrerresentwJ  minority 
students  into  grKluate  programs  in  mathematics  and  the 
sciences; 

2.  Increasing  efforts  to  recruit  underrepresentaJ  minority 
students  into  undergraduate  programs  in  mathematics 
and  the  sciences;  and 

3.  encouraging  greater  participation  by  minorities  in 
mathematics  and  science  education  at  the  precollege 
level . 


CSSP/hmf 
n/30/87 


1 155 16rh  a.,       Washington,  D.C.  20036     (202)  872-44M 
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RESOLUTION 


.    ^         council  of  Scientific  Society  Presidents  supports 
ilLS^iS^E^®^^^®  concept  of  the  scholarship  program  as 
proposed  by  Congressman  Walgren: 

"This  bill  (H.R,  5518)  would  create  Congressional 

science  and  engineering  (CASE),  modeled  in 
part  on  the  Congressional  api^lntments  of  young  men 
and  women  to  our  military  academies,    itre  awards  would 
be  4-year  fellowships,  baaed  on  merit  and  a  competi- 
tive selection  process,  for  study  in  science  and 

*  ^'^^  undergraduate  institution  of  the 
student's  choice.  Two  such  awards  would  be  made  every 
year  in  each  Congressional  district — one  to  a  young 

?2"i^!^!iK^°^®5  ^2  *  ^^^"^  woman—ensuring  opportunity 
to  bright  students  from  all  comers  of  the  country. 
(Congressional  Record      e  3404,  October  12,  1988) 

,V}^  CSSP  would  also  be  willing  to  assist  with  support 
SSince^pLndf^inS  cooperating  as  ne«iod  with  the  NatiSnSl 
Si?  providing  advice  regarding  the 

adainistration  of  the  program,  and  in  encouraging  our 
Iwal  iSvel  members  to  support  the  program  at  the 

(^SF/hmf 
12/7/88 


ERJC      99-306  0  -  89  -9 
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*  Thtb  Srifpor  A^N^Mf  ffwuM  teNc  fcipGdir  md  BiQiBiai^  UvvvclioQi  wilb  tile  l^vsitlcstt  oo  ^  isitten 
pcrtiiD^Q^  (p  w^tT**'*  Mid  ic^ofliDCy. 

•  Effect  88l4«e  itedd  be  eflMiiMd  iBOQf  tte 

 O        -»  fill  ,  TJ«rtiin  1 1  iM^ilMi^M  <^  Ifa -lr|,  rfcffl   j-f  *1VjiAj.   InrM    *   -    -  ili  ■     ni-i>-ri  I'j  itI  ■  ■■■ 

g  wtwwfai  iflhMei  iliuii^BB  botii  Kkotifc  fcDtfwVwi#B,  wtiicfa  tocMCBiiii  te  >  bcifaty  fcpooMy«  Mid  Oic 


lis 


ma&uCT  miiici$  Aim  mcQJxi^ 

VL  BUPfmriOAamTD  PUXBTIHS  SI^^ 

I  flin  ■■!  II  fcitlii  II  M^^wMMiiMt  LiMM  jrftiifilmlj  ml  jg^jMiiw  WxliM^  it  ^       il  ii  ii   -jJjt  ^jjl  mj-Iimj 


•  8weiw<i«dgdycifl<ia»wii'MilhgtaiMBBewu  wrifiitaidbMr<<teitift»<wrLwUuMitAit  AoeJdbe 


rlim 
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by  Btyan  Kocher.  aim  President 


presidents  letter 


Tbft  lOlst  Unitad  States  Con^^resa 

ifltemt  to  «U  soentiits  One  pm^ 
Sx»«l  wlM  eiicour«g8  the  best  of  oiur 
Momduv  schfxM  ntuiie&ti  to  pursue 
higher  educatKm  la  id»iice  and 
en^neetifig.  T1u>  |»t)pQ5«l  i$  very 
good.  The  oihi^  propoMi  could 
temeiy  restrtct  the  aokiuqi  qC 
money  ih«  ACM  and  other  s^en- 
tific  socwrtlee  U9  wdllng  to  spend  cm 
iQurnftM  V«  ihlt.  which  wiU  cnmp 
the  Dow    tnfonaetioa  to  scientisti 
«I1  over  the  wor^  This  pniiwwi  1$ 
VBfV  bed,  i  want  to  encxiurigB  you 
to  h^  pramote  wh«f  is  good  Imr 
K^WB  e&d  to  dicccRiriKt  what 

Ccffifl^vtniw  Doug  WelfiivQ  of 
PenttiyivvLia  is  the  aathor  of  a  hiil 
(H.IL  5518)  whk:h  %«ould  cieate  a 
9i^oiai«h^  piopam  called  CoQf^ 
ahznal  Await^  for  Scienca  and  Qogt- 
ts99r^^^  ICAST).  The  CA^  pcof^ram 
wooM  nward  tm  scho^afshipi  m 
oaagjtt^'^oiiai  district  cma  to  a 
and  one  iu  3  femate  student 
fet  hi^tslhaf  edupif>cn  Ui  tciance  ami 
e«^jim»fis,  I  .         wouid  be 
four- yw  kiXum *^  y^.  Hput 
$9.QUe  pef  wsf  irf  -  r ' .  'Arnold 
be  baaed  on  -^tivm 
seiactMMi  prace»,  .  I'd 

matncuJate  at  tb       ^  i>  vado- 
aif  itistirutifm  of  msit  u.  <  but 
wroatd  be  oMisalad  to  1.  aoe  a 
tkgroa  is  soence  or  Mi^aeerinit, 
This  ^Yjpsa  woM  bB  tdMsxOh 
teied  in  s»udi  the  same  way  as 
csmsm^oasi  appcHmmems  to  U» 
US.  mililary  academiesi 

The  CAS£  ooncepi  was  eodoned 
by  the  Cooscil  of  Sdent^c  SocMy 
Prasutots  tCSSP)  a!  tts  December 
meetUm  in  Waj^nf^os.  I  hope  that 
you  wtU  also  suf^xm  this  begiomiif 
uep  in  eoctHir^u^  the  most  pium< 
mng  youof  people  to  th?  United 


Smm  to  pursue  caraeie  m  tdence 
and  engmeenng. 

RetHeseotative  ?eie  Pickle  of 
Texas,  Chaiiaiao  ol  the  Koum 
Ways  and  Msans  Comsuttce'i  Sub- 
coouaittee  cm  Ovennght  introducwl 
a  set  of  proposals  (request  (iwcom- 
menu  S3  HER  G-3»  4/i/8A|  to 
chaofis  the  rides  coinceniiog  Unre- 
Uied  8us4im  loam  Tax  (USfD 
for  mA-k^'pt^t  CNsa^atUms,  such 
<a  ACM  Unrated  buiiaess  income 
ts  cMoed  as  iactmw  ooi  dehrad 
boa  ^vltlcs  suhsUmiaUy  related 
to  an  orgaoixatioii'i  exenifn  purpose. 
The  new  rules  {mifioied  by  Repte- 
sentative  PtcUe  cover  more  than 
two  pages  mrt  oootam  only  fiaeeo 
mnih  that  would  sigi^ficaiitiy  ai&ct 
ACM.  The  section  r^ds: 

"f.  Appiy  UBIT  to  adrertt^fig 
loonoe  and  allow  ikducttoos 
itfm  UBIT  ofdy  hv  direct  adver* 
tistog  ooeta.** 

Pubh^iog  Cffmmimscstum  costs 
almost  »24lmaUon  per  ywir  CHher 
thao  the  ajnog&t    your  dues  aIIo< 
cated  to  CommasscmiaaaL  roveooos 
are  $1.7  mUtira  fm  yw.  SU 
itaj  frotn  advertirij^  snd  ^00.000 
bxtm  QChor  sources  tpriscipefiy  ntm- 
mwabst  subacripthra^  The  diSar- 
eoce  betwoea  total  coits  and  ree#- 
ouea  Is  made  up  by  your  member- 
ship dt»e--|M  RdUkm  e«ch  year. 
ACM  is  oomi^tfiad  to  ti» 
iocra^i^  admtialJig  rt«>eiiM  of 
CMrm^cwi^{m$  to  Imjao^  the  qual- 
ity of  !hia  pi^icaita.  If  tiie  UBIT 
propoaal  ia  enaoed  into  law.  tboui 
im.Q0O  {adveithtog  imnina  bss 
direct  expemes  of  tha  advertising} 
would  become  taxable.  For  the  first 
timo.  there  would  be  a  tax  c^abcnit 
$22S,QWon  a  ioumai  that  doe^'t 
loaka  mooey.  This  tax  wouki  mock 


the  sjp^nt  of  the  income  tax.  which 
IS  tuvpoMd  t(r  match  the  lax  bofdeo 
With  the  ability  to  pay.  fust  to  main- 
isio  the  current  level  of  quality 
under  the  aww  rules*  membership 
duea  would  have  to  increase  by 
imrly$4! 

If  membership  dues  were 
iocseased.  our  membership  would 
surely  fall;  fewer  c&mputar  soeottsls 
would  teed  this  fmimai  and  other 
ACM  pubUcatkKu.  If  quality  or  con- 
teot  are  cut    make  up  the  differ- 
wioa.  aanputsT  acjentisti  wiU  be 
ab^  to  share  ten  miomatton;  si|puf> 
icaat  work  may  go  unpublished  and 
unknown.  Any  way  you  look  at  a.  if 
tlM  rules  are  changed,  the  sum  tiHal 
id  computer  science  knowledge 
decraaaer  Decreaswg  the  total  of 
adimtiflc  ki^mledKs  in  the  United 
Slates  cannot  be  good  fc^  the  oatkm. 
This  prafiQial  wi^  directly  apuist 
the  intern  of  the  CASE  pn^joaal. 

Your  help  is  oeedvd  to  make 
fi<»B«<hing  good  happen  aod  w  keep 
so^Dothing  bad  from  ha(^«axng  to 
science  ai:^  iB^nesrlng.  Suppon  oi 
HX  5518  WiU  give  a  boost  to  sd- 
eoce  and  techuolo^  oditcatioa. 
Q|^KNdtk«  to  the  IWr  advvrthiirig 
revenue  chao^ea  wUI  pievem  ma^ 
harro  to  the  pmnary  chanmd  Ibr 
commuDicating  aaentific  and  tech- 
nical kmrwkdge. 

On  December  7,  i  viattad  my  oon- 
gremnan's  offico  in  Washiogra. 
Q.C  and  appitind  htei  of  my  inter- 

in  these  isayws  (and  aactton  1706). 

I urge  you  to  write  to  your  repre- 
seniailve  ami,  in  your  own 
woida,  encourage  your  nwanber  of 
co^ren  to  su|^iort  Doug  Wetgran's 
CASE  (A.R.  S5181  and  to  oppose  lake 
(HdUe's  f^t^poMd  change  to  USTT  on 
sdvartlsingfeventm  (request  for 
omimenu  63       C-a,  4/t/88}. 


CitrnmtmKasfciu  of  tJW  ACM  Ttt 
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Amerkan  Chemical  Society 


1 ISS  SIXTEENTH  STREET.  N  W 


A  **Coi»ent''  sutwiltted  by  ftonte  C.  ThrodaftU  Chalimn  of  the  American  Chemical 
Society  Joint  Board-Council  Cc^lttee  on  Chemistry  ahd  Public  Affairs,  to 
ChCTlcal  &  Engineering  Itews  for  anticipated  publication  In  the  Warch  20,  1989 
Issue. 


A  rare  opportunity  h«a  srlvvn  for  ACS  aeaber»  •to  contribute 
effootlvtly  to  eooBideriitioa  of  ft  p*^oposed  and  potentially  very 
YftXnable  nev    federal    iTOgraa    for    eduoation     in  soienca, 

BatbasatlQa  and  aagiaaarinst 

Oa  Feb  Stb  Consreeeaaii  Doug  Valgren  (D-*?A}  announced  thet  he  baa 
aubaltted  H&  996.     Q&der  tbia  biiX, 

the  Hetional  Solenoe  Foundataon  vouid  eewabllab  an  annuel 
&erlt*bae*d  oovpetition  for  selecting  one  young  aan  And  one 
yottiag  voHB  frov  eeob  Congreseional  dietriot  to  receive  a  four 
year  eobolarabip  to  pureue  undergraduate  eduoation^  la  science, 
satbeaatioe  or  e&giaaerlBg,  BSf  tfouid  establiab  broad-based 
Xooal  ooaaiitteea  of  eduoatora,  aoientiatsi  satbecaticiana  end 
angineera  to  aubalt  aottioeea  for  tbeaa  national  awards, 
Stude&ta  vould  be  seleoted  on  the  beaia  of  tbeir  potential  to 
exoely  and  their  motivation  to  puraue  a  career  in  aclenoo, 
aatbesetioa  or  engiaeering  fielda*  Scholarships  would  be  up 
to  $5000  par  yaari  and  would  be  used  for  tuition ,  f eea ,  and 
r^oa  aad  board  expenses,* 

As  of  filing  tlsa,  at  least  35  other  Haabers  of  Congress  had  joined 
in  ooaponaoring  the  Valgren  bill,  and  several  others  are  expected 
to  do  the  ease.  Conourrently t  Senator  John  Glenn  (D-OU)  nas 
sponsored  IdentioaX  legislation  (S«13^}  in  the  Senate* 

The  Exeoutive  Board  of  tne  Council  of  Scientific  Society  Preaidents 
has  gone  on  record  in  support  of  tbia  legislation,  and  bas 
suggested  that  its  mesber  organisations  inform  their  individual 
acientist-aeabora  of  its  aerits.  Each  individual  acientlst  will 
then  be  in  m  position  to  provide  inforaation  and  assistance  to  her 
or  nis  RopresoRtatlve  and  Senators,  if  they  desire  it.  Then,  the 
lavaaker  aay  be  interested  in  oospvnsorlns  tnis  legislation. 

Baying  studied  the  Valgren-Olenn  leg.ialation ,  and  having  discussed 
it  witb  Congresaional  f^xperta  and  ACS  officers,  I'a  convinced  that 
the  progrsD  it  proposes  would  be  vf  great  value  to  our  country. 
President  Bush  endorsed  the  concept  m  hie  recant  addreaa  to  t^e 
Congress,  and  raoeived  hearvy  ;«pplause* 

KoraoTor,  the  cost  45  Billion  dollars  tJ^e  first  year  and  $20 
sillloo    e    year    after    four    yesrs  vould    be    b    pittance  when 

coBpared  to  the  benefit  of  having  hundreds  of  additional  young  U.S. 
aan  and  vonen  earning  baccalaureete  degrees  in  eoianco,  sathematlc^ 
and  engineering* 
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tnat  iQ  threatening  our  nation.  We  are  In  desperate  neetf  of  sucii 
InltlfttlTee,  an0  «0»b»r»  of  the  American  Cheasical  Society  oan  help 
In  Mke  tbia  eoa  a  reality. 

I  tftlnk  that  aaaletlng  on«»3  Repre»«ntativB  or  Senators  in 
appreciating  the  aerits  of  the  Valgren-Cienn  legiBlstlcin  is  u 
elasaid  extcpie  of  an  axerclae  in  raaponsibla  anu  miseninsful  public 
serrioe  in  which  aelentiata  ail  too  aaX<lo&>  have  an  opportunity  to 
partiolpattt.  ' 
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FEDERATION  OF  DFJlAVlORAU PSYCHtK^OVilCAl,  AM)C(K;Nri  IVE  SCIEM rtS 


1200  Sc^cwccmh  5inxi»  N  w 


AfJsC  Knot 


C  It  Cdh<ic),C^ 


jhe  Honorable  Robert  Torricelli 
317  Cinnon  House  Office  Building 
Washln^tcm,  D.C.  20515 

Dear  Congre?  »an  TorricelU: 

The  federation  of  Bi»hav1oraK  Psychologic*]  and  Cognitive  StienLCs 
4n  organization  of  fourteen  sc1«?nt1fK  soci^.i\t»\  and  isore  trin  IQO 
university  departiocnti  and  research  centers.    I  ara  wntTng  on  b*»half  oi 
the  federation  to  let  you  iinoM  of  Us  strong  endorsermint  af  H.I?.  99ti. 
the  "Congressional  SchoUrSMps  for  Science,  Kalhewatics,  and 
Ingimjerlny  Act."    U  is  rhallengirrg  to  prepare  wisely  for  future 
requlreaents  when  pressure  to  fulfill  current  demands  is  intense, 
Cha^rtMn  Malqren^s  bill  is  a  welcogje  exEisple  of  farsightedness  fpw 
contest  that  advances  In  science  and  technoloov  a^'e  building  tilotiJi  of 
national  prosperlt/*    U  ls»  therefore,  in  t!.c  rational  interest  to 
assure  an  adequate  sypply  of  scientists,  matheiraticlftns  and  t'ngjnt'ori. 
We  are  especially  pleased  with  Congressman  Wal'jren*s  approach  to 
iRetin9  thii  need.    His  bill  proi^ides  an  avenu^-  by  which  memhers  of 
Con9r«ss  and  other  leaders  In  Congressional  districts  can  participate 
directly  in  la^roving  the  knowledge  base  of  the  country.  Modelled 
after  the  service  acadfsuies  nomination  process,  H.R.  995  would  ptrmit 
worthy  district  candidates  to  pursue  undergraduate  jjiajors  in  a  fie»d  of 
science  or  engineering.    The  decline  of  applicants  for  graduate  i*uay 
in  sooe  areas  of  science  suggests  'hat  this  is  the  right  tiroe  to  make  a 
special  InvcsUoent  in  the  undergraituate  education  of  potential 
scientists  and  engineers:    The  inv(.*stment  will  help  return  grarfuate 
tppMcavions  to  needed  leve*i. 


The  Harch  issue  of  fffdr 
federation  meisb^rs.  T 
graduate  departments 
the  fourteen  sclentif*- 
sany  other  educators  anu 


will  Introduce  the  bill  to 
•s  approxtmat^'ly  one  third  of  Ihf 
jy  w.  the  country  directly.  Jhrough 
es  of  ti,e  Federation,  it  also  reach<»s 
.marchers. 


We  are  hea-tened  that  more  than  half  the  «?«8Ttjers  of  the  Science.  Spac.^ 
and  Technology  Cois^ittee  joined  Congressman  Walgren  as  orujinai 
cosponsors  of '  the  bill.    Our  hope  is  that  aiU  mijn^ers      the  ConOTitlve 
will  cosponsor  the  bill  and  niII  recommend  it  for  passage  to  the  full 
House  as  early  as  possible  in  the  101st  Congress, 


Sincereljr 


David  John: 
Executive 


Ph.D. 
ector 
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Mr.  Walgren.  Dr.  Malone. 

OTATEMENT  OF  DR.  THOMAS  ¥.  MALONE.  PRESIDENT.  SIGMA  XI. 
THE  SCIENTIFIC  RESEARCH  SOCICTY  AND  SCHOLAR  IN  RESI- 
DENCE, ST.  JOSEPH  COLLEGE,  WEST  HARTFORD,  CT 

Dr.  Maujne.  Thank  you,  Mr.  Chairman. 

In  view  of  the  time,  I  will  stand  on  my  prepai%d  statement, 
which  sought  to  set  out  the  reason  this  venerable  honor  society  is 
mobilizing  its  IIO.OW)  scientists,  engineers,  and  mathematicians  in 
500  chapters  and  clubs  to  get  behind  the  step  txiu^  you  have  so 
credulously  set  forth. 

I  tried  to  spell  out  the  stark  statistics  which  undr  rgird  that  con- 
cern, that  the  flow  of  creative  young  minds  into  scieti%;e  and  mathe- 
matics that  undergird  our  economic  well-being  is  drying  up. 

I  made  recommendations.  I  sketched  out  some  of  the  larger  pic- 
ture, described  some  of  the  things  that  we  in  Sigma  Xi  are  doing 
with  our  own  funds  to  complement  and  extend  your  efforts. 

It  seems  to  me  that  this  exciting  hearing  this  morning  focuses  in 
on  three  problems  that  I  think  are  uppermost  in  your  mind. 

One  is  what  can  you  and  the  NSF  do  on  curriculum  develop- 
ment, on  teaching— that  is,  cloning  the  Dr.  Saltman.  I  thought  he 
was  just  tremendous— and,  third,  the  issue  that  Dr.  Boyer  raised 
ahoi^  a  Manhattan  project.  I  yield  to  no  one  in  my  admiration  for 
Dr.  Boyer,  but  I  am  not  certain  that  a  Manhattan  project  is  the 
best  way  to  go. 

I  would  simply  invite  your  attention  to  Attachment  D  in  my  pre- 
pared t^timony,  which  is  a  set  of  pie  charts  portraying  the  waxing 
and  waning  of  the  allocation  within  the  National  Science  Founda- 
tion for  their  Science  and  Engineering  Education  Directorate,  and 
it  is  that  chait  that  I  believe  should  receive  the  very  thoughtful  at- 
tention as  you  prepare  a  response  to  the  issues  that  have  been 
raised  here  this  morning. 

It  is  not,  in  my  opinion,  a  Manhattan  project,  but  a  sustained 
pn^ram  which  goea  over  many,  many  years  that  will  get  at  the 
fundamental  problems  brought  forth  in  the  superb  testimony  this 
morning. 

This  may  be  an  historic  moment.  As  I  look  around  this  room,  I 
have  been  privileged  over  a  quarter  of  a  century  to  testify  before 
each  one  of  these  chairmen.  I  couldn't  help  but  thinking  this  mom- 
mg  that  what  you  are  about  here  may  be  the  first  step  anal(^us 
to  the  far^ight«i  and  courageous  »aove  our  nation  made  in  what 
was  perhaps  its  darkest  hour,  the  initiation  of  the  Land  Grant  Col- 
let Program  back  m  the  1860s. 

1  am  not  saying  it  is  the  same.  I  am  saying  they  were  addressing 
a  national  problem.  You  are  addressing  a  national  problem,  too, 
and  I  think  you  have  taken  a  very  important  step,  and  the  other 
billp  "^re  supportive  of  that. 

1  '  lid  simply  encourage  you  to  thuik  of  what  was  done  125 
yea  igo  and  see  if  you  can  build  on  this  important  step  and  ac- 
compiitin  in  the  long  run  what  has  been  accomplished  over  the  last 
125  years. 

Finally,  since  Dr.  Atkinson  raised  the  question,  I  think  some  des- 
ignation would  be  helpful.  May  I  venture  the  thought  that  Jeffer- 
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son  Scholars  might  be  appropriate?  I  yield  to  no  one  in  the  idea  of 
Walgren  Fellows,  but  I  know  how  modest  you  are,  Mr.  Chairman. 
[Laughter.] 

And  I  am  prompted  to  do  that  by  a  remark  that  President  Ken- 
nedy made  one  time  when  he  had  a  bunch  of  National  Academy 
people  together,  and  he  said,  this  is  the  greatest  assemblage  of 
minds  since  Thomas  Jefferson  oined  alone  in  the  White  House. 

The  name  "Jefferson"  might  help  to  convey  the  excellence  which 
should  be  the  hallmark  of  this  pn^ram. 

Tliank  you,  Mr.  Chairman. 

|The  complete  prepared  statement  of  Dr.  Malone  follows:] 
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SmMl  TESTIHCWY 

Thasat  F,  M«lonv 
Preiitfenc,  Si^  Xi,  The  Scientific  Re«e«rcK  Society 
Scholar  in  R«4id«ficfff  St,  Joseph  College*  Vest  Hereford.  CT 

twforc  Che 

suk(h«;ttee  <m  science,  research  akd  tecbrolocv 

during  Overeisht  Heeringe  on  the 

tietionel  Science  Eoundecion 

March  9,  IW 

Rooa  2318,  Reyburn  House  Office  Building 
Weshington,  DC 

Our  grase-roots  Honor  Society  with  511  Chapters  and  Ciubs  in  every  State  of 
the  Union  (Atiachwent  A)  and  108,000  active  sabers  frwB  the  natural  sciences, 
engineering,  uatheaatics  and  the  aocisl  sciences  Uttachaent  B)  —  elected  in 
recognition  oi  their  research  accotspl  ishiHsnts  —  strongly  supports  H»R.  990. 
Congressional  Scholarships  for  Science,  Nstheaoatics  and  Engineering, 

Our  Centennial  Observance  in  1986  focusserf  the  attention  of  Sigma  Xi  on 
scientific  and  technological  opportunities  and  contemporary  issues  of  science 
and  society,    Attong  our  oajor  concerns  is  a  continuing  tlow  vf  gifted  young  wen 
and  woiaen  into  teaching  mnd  research  in  order  to  a«!jurc  a  scientifically  literac** 
public  and  a  vigorous  and  productive  research  enterprise,    We  are  persuaded  ihst 
our  nation  faces  a  crisis  in  both  of  these  areas  for  vhich       .Have_sope^  shared 
re«pop»ibility>    I  speak  for  an  overwhelming  nuober  of  nesbers  in  stating 
catagorically  that  H»R.  996  is  a  uniquely  positive  step  necessary  to  respond  t^^ 
ihiB  crisis.    Its  iaportance  transcends  the  self  interest  of  the  r  search 
•ttt«rpriac  and  bears  directly  on  our  nation's  aocial  and  ecowwir  vellbeing. 
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Page  Ttao 

Utkkit  thCTff  arv  Mny  dimensions  to  th«  problca  of  «t trace ing  gifted  young  pf>i^ple 
inco    •civnc«    «Rd    technology,  Sigsa  Xi  h«B  focuss^d  on  the  role  oC  th« 
ttfid«rgr«du«t:c  «duci>tion«l  ex|K!ri«Qce  of  our  yo\tx\g  sK>n  and  wovien.    At  «  met^ting 
of  a  Itetional  Advisory  Group  on  this  topic,       convened  in  Racine.  Wisconsin, 
in  January »  Kenneth  C  Oreen,  Assuciatc  Pi  rector  of  the  Higher  Education  Kent^arih 
Institute  at:  UCLA  shared  vith  us  soi&e  onioous  figures  aoscly  dfvelop«d  undvr  chv 
auspices  of  the  An«rican  C»uni:il  fn  Education.    Of  special  importance  werr  ihe 
foXloving-' 

♦  Fros\  196ft  CO  1<>B9  frenhof-n  int'»r«'&t  in  fundAmencal  undergraduate 
science  and  aaCheia«tiCfe  declined  by  aloost  50  ptr  cent;  in 
physics,  the  drop  was  c»ort'  than  bi)  {.♦r  cc?nt ;  in  fsathematics, 

xt  was  60  per  cent;  interest  m  biolu;  y  remained  relativeiy 
stable. 

♦  Freshmtn  interest  in  tii hnoJogiral  csreerB  declined  by  per 
cent  between  1982  and  lVfl6. 

Frcshoen  planning  careetft  as  cusjputcr  prof essionais  declined  by 
lb  per  cent  het»#een  198;*  and  1986, 

♦  Mure  than  one-half  of  the  academically  able  students  entering 
college  and  planning  to  pursue  acienre  sajors  changed  to  non- 
ftci«nce  fields;  nearly  40  per  cent  of  first-year  college 
students  vith  science  and  engineering  interests  ultimately 
take  degrees  m  other  fields  (Attach»ent  C), 

t  Today  very  few  aspiring  science  and  mathenatics  majors  plan  to 
pursue  careers  in  high  Hchuoi  teaching. 


o 


SOMOIET  TCSTINJNY  3/9/S9 
Three 

Hicm  fifurf^s  mtt  oKinoui .  They  llferaUy  cry  out  for  «ctiq;..  No  single  stipp 
will  auffict.    H.R.  996  will  b«  «n  important  Anei  tangible  manifestation  oJ  the 

our  fiACion  plsce«i  on  e  hqM^  core  of  creative  young  B»en  end  wo»en  prepareiji 
to  develop  end  •ppiy  the  knowledge  that  is  crucial  as  we  approach  Uif  Third 
HillennioR.    The  intftefit  of  Frriiid^nt  Bush  jn  rbj»  issue  is  ^t'  5r  inning. 

With  respect  to  K.R,  *?96,  I  recoraacof' : 

♦  >ISF  is  I  he  aost  fippx  opriact  hoDe  in  t  he  tedijral  i?ov<' rnai^nt  !ur 
this  activity. 

♦  This  and  related  arcjvitits  should  he  ron*ioUddtc<l  ir  the  Uirectoratt* 
for  Science  and  Engineer inf,  ttJacaciun  as  prrposi^d  by  the  National 
Science  fto«rd  Task  loBaixttee  on  Under^:.}duiite  Science  ^nd  tugineering 
Educetion  in  March.  l9Hft. 

♦  The  «uchorirat  ion  ui  million  tor  chi*  fiscsi  yt^ax  j99U  ss 
recowmended  in  H.R.          should  consist  of  "n^w"  lands .  rathrr 
than  being  providt^l  by  a  reallocation  ul  lundiiig  within  ttu>  total 
RSF  Budget. 

♦  The  FY  90  request  fx?r  S)90  oil  I  ion  for  the  SEE  Directotere  should 
he  increased  at  Ivasz  to  the  S205  mi H ion  proposed  by  the  f<SF 
Authorxxation  Act  <  i  )93S. 

For  its  part,  Sigma  X.   ;r  planning  to  expand  Us  program  of  Crents-in-Aid 
of  Reiearch  which  curreniiv  jjrovides  ovt?r  $400,000  annually  to  more  than  one 
ChCHitand  young  sen  and  woTnt^n  at  the  predoctoral  level  interested  in  reitarch 
careers.    Huch  of  this  support  roars  froa  senbership  dues.    We  are  cooperating 
vith  the  NSr  in  Hational  Science  and  Technology  Week  and  ere  roll iiborat xng 
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ThiM*  F.  lUIone 

CliTfKi^  our  chapters  and  clubs  «  tb  th»  AAAS  in  lh«xr  joint  progr«  vith  Science 
ItttMiM.    We  work  with  the  Boston  Huteua  of  Sci«nc«  in  ctitit  Science-by-l 
Progm. 

In  in  effort  to  stiouJate  popuUr  inierest  in  these  sattfts,  we  arrai^ged 
sn  Inter.ifttional  Sywpof^ium  in  OrKindo.  Florida,  last  October,  addressed  to 
Fubl  ic  tJnd£^r s t and       ct  Sci  vpcv  and  1  ech no  1  ogy .    Wr  have  activated  our  ^11 
chapters  «nd  clubs  to  «'Xert:ise  their  influence  *t  the  local  level  xn  improving 
Cb«  sad  atate  of  afiairs  that  prr^^ntly  exif»C}>       rhis  matter- 

W«  have  undrrusy  0Ch<»r  step?;.    The  rrpnrt  of  the  isceting  our  our  Nationai 
Adviaor^F  Croup  to  explott*  the  ii^t^un  and  qualify  of  Undergraduate  Educat  i^m  xt\ 
Science.  Watbeaat  ics  and  Engmc^rriTiR  will  soon  br  availahl<!.     Aiming  ihr  othti 
TecDflUtt*ndat lOns .  it  will  urge; 

♦  Penetrating      Sis uks* jor^  and  evaluation  ot  tha  tattors  rhiit 
njake  thf  reward  iyst»»B  fot  excel  U'nci'        umit»Tgr»duaf  e 
education  nnnrompt-t  it  i  vo  with  otht»r  pruJcssiun^il  activicvt'fi 
of  aciffHcvs,  »»ithcDj4t  ic  J ^tiK  and  rngXneerH* 

♦  scholarly  restarrh  related  to  education  a?  the  underKr^duate 
level « 

♦  the  dcveiopw?nt        wurr  appropriate?  entry  level  undi' rgf aduaie 
coo r sen    n  sciemi  .  m^thcmacics  and  engineering  for  thooe 
prof esRxonaUy  oiimfed  m  Uu)5»i'  fjybjt'Cts  and  also.  «a  m 
separate  sirfeso,  tor  rhose  whc!  need  a  sort  general  orientation 
m  IhoRf  topirs^ 

♦  devrJoptaent  of  proc urienCi'd  labf^raiuries  for  all  studvot^ 
at  all  level*,  in  scientr*  maUti-Kat     s  and  fngitieering. 
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SMIAUT  TESTinCWY  3/9/89 
Fiv* 

iiirticipalion  of  ai  jors  j,n  hc  itfncr,  tuflthrmai  xc;»*  and  ♦n^iini'et  jug 
in  scvd«nt  r«»st«rcb. 

♦  f«ciUtACion  of  Che  tntry  and  f.ufit«Aned  prof^Ks lonal  dfvp'.^^T^^nc 
Of  woown.  oinofitivfc  and  dxRabled  ?Ti  sci^tncv.  laatheH^ut i aud 

♦  the  cKchcuige  ot  intoinat  inn  aasf^ng  rtiose-  d*  vpU>ping  innovatAvo 

Th*'i^«"  4tti;?3j  itvmh  rctpplrrnvnt  and  supp^^rt  tlsi   ob  ^f.^t  r'f^s  ci  H  K.  99ft,  Thi-v 
auggcst  thai    u  o^y  br  tamely  to  rrsfuiis  a;   U^st   ;n  p-irt.   the  rmpK^Ji,^  ^viotdi.d 
6cienc:i>  and  edut^u  ujn  wiU m  NSf   < Ae  c  .j4  hraint  U). 

FioaUy,  Z  can  s«y  fh-l  our  SoiMty  i»  pTupan-d  to  ta,  .  fnthuMiasm  .wr 
aesbffrs  for  voIuntetM   ;*(t;viCv  lo  a^^i^M   th*>  National  StAiru'i^  F;m:4i*l  aon  jn 

(Attachiacnr  F)  in  which  \w  di*&tnbed  tht-  initiaf  wi*  new  *'ir;br.du'd  »n  H.k.  ^^^f, 
gfneT«t*d  an  eTi^^rmuu'-  amount  »>1  inthuM .ihw  amnnf^  out  m*'ir.b<'Ti, 


R««r«tf  in  South  U«kota,       .  M-lrmp  holds  d  huc^aUmt^n^  Utt^rek  and  an  honorary 
Pifvctor  of  ttigxwstxing  I  ru»  chf  Snufh  Dakota  School  ot  Minrs  and  TtcbnoSngy. 

IN  has  h«ld  tenurrd  academic  appoxntmcr  if;  at  W-I.T.  luU^n  h*  ret.eived  his  farwd 
tfoctoratt)  and  at  che  Univterr^^ry  of  Ccr.tm ct  it  ut  <wJ»r<,>  hf  was  aUo  Dean  of  thi. 
Graduate  School).    He  xn  Dxreirar  tmpraus  oi  ttte  Hi^la^  H^htmtvh  Inatuatt^  i,t 
IHnUr  Univeriuy,  Indiarspol  i*.   IN.     a  mc-aber  of  the  National  At  adeay  of  Siii  n.t  s 
h«  acrvcd  aa  aa  ForeiKn  ^^^trecary.   (V7B-82.     Ki.  is  a  past  Pyi-s.dcnt  of  borh  fhi  ' 
A»ertc«n  Ceophyaical  Union  atid  ih**  Aswrican  M«^teotologstal  Stici<*ty.    H^  hijlds; 
tht  |»axtion    of  EapcutAve  Sviri^tiSt  zn  tbi-  Connprticut  Aradejrv  t>f  Srufnce  ^nd 
Engineering. 
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mscmam  afpimmicw  or  szouk  xx  sciswisra  ahd  maummm 

^^^l^^f^^^J^^T^a^i'  ^^"^  considered  by  field  of  science,  as 
52^f^^^"         ^^^^  Survey  of  Scientists,  approximates  the 

aBployed  Doctoral  Scientists  and  Engineers  by  Fieldt  1977-1987- 
?2  ?^Sf^-^"  ^®  National  Science  Foundation  diBtribution, 

selected  Updated  Charts  and  Tables  for  Science  and  Technology 
Resources  Chartbook.    This  seems  reasonable  because  nearly  four- 
tilths  of  the  Sigraa  Xi  i^jbers  have  either  a  ph.O,  or  an  J«D,  and 
Uf^ilJI  reported  they  are  eaployed-    The  remainder 

'^iifS    ^         retired.    The  1988  Survey  of  Scientists 
f^lT-^is^-J?  IT  these  are  distributed  proportionally 

across  the  field  categories.  «-    r-  j 

 SIGMA  XI  MEMBERSHIP  HSF  CHARTBOOK*  glT 
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Mr.  Walgren.  Thank  you  very  much,  Dr.  Malone.  .... 

Well,  he  is  also  connected  to  the  fire  bell  in  the  night,  is  that 
right,  which  may  be  just  as  important  in  terms  of  ringing  the 
alarm. 

What  can  be  said  about  linking  this  thing  to  teaching  payback? 

Profirasor  Steen,  you  indicate!  that  you  feel  that  there  is  a  value 
in  allowiim  these  paths  to  develop  quite  without  restriction.  On  the 
other  hand,  there  certainly  is  a  value  involving  people  in  teaching. 

I  guess  my  question  would  be  if  we  really  get  the  brightest,  if  we 
go  ttirough  a  merit  selection  proce^  and  really  get  the  brightest, 
would  that  be  who  you  would  want  for  the  teachers? 

Not  that  the  teachers  shouldn't  be  the  brightest,  but  if  you  really 
got  one  or  two  or  four  people  out  of  a  population  of  540,(KK),  does  it 
then  become  more  important  to  allow  them  the  freedom  of  that 
track  rather  than  ask  wnose  four  to  go  back  and  teach,  or  is  there 
some  way  that  perhaps  we  can  pick  up  a  teaching  component  of 
this,  too? 

And,  you  know,  I  am  trying  to  figure  out  how  Sherry  and  I  can 
reaUy  get  together  on  this  and  have  one  package  that  accomplishes 
both  our  objectives- 

Dr.  Atkinson.  Mr.  Chairman,  I  like  the  service  conc^t.  When 

?ou  look  at  the  pipeline  and  particularly  the  issue  of  training 
'h-D.'s  in  the  natural  «:ienc*«3  and  engineering,  you  don't  want  to 
divert  talented  people  who  may  go  on  to  graduate  prc^ams  and  on 
to  research  off  into,  say,  just  two  years  of  teaching  as  a  payback.  I 
think  you  have  got  to  have  some  sort  of  fleUble  concept  of  service, 
and  that  might  mean  eventually  becoming  a  faculty  member  in  a 

university,  but  it  

Mr.  Walgren.  If  we  were  to  think  that,  number  one,  we  don't 
know  whether  these  people  wiU  go  on  to  graduate  school.  Some 
would  and  some  vrould  not,  but  perhaps  if  they  went  on  to  gradu- 
ate schor^  that  might  fill  some  of  Mr.  Boehlert's  values  that  he  is 
looking  for  on  the  teaching  side.  .  „ 

Dr.  Atkinson.  But  I  think  even  service  while  they  are  in  college 
in  a  tutoring  role  or  rervices  graduate  students  in  some  type  of  tu- 
toring role  or  going  on  i  o  accept  a  faculty  ix^ition. 

There  are  a  number  of  things  that  could  be  worked  out,  and  I  am 
not  sure  you  should  try  to  work  them  out.  You  might  rely  on  a 
committee  from  NSF  to  really  lay  out  what  would  make  sense  in 
tenns  of  a  service  requirement. 

Dr.  Malonk.  Mr.  Chairman,  I  believe  that  if  the  program  is  even 
modestly  sucxeaaful  the  payback  to  the  country  in  terms  of  in- 
creased productivity  will  more  than  pay  back  the  money,  and  I 
think  that  is  a  better  way  than  trying  to  pinpoint  it. 
Mr.  Walgren.  Professor  Steen. 

Profp^r  Stekn.  Let  me  just  add,  also,  that  as  you  have  heard 
from  other  testimony,  if  your  intent  is  to  make  a  significant  impact 
on  the  teaching  needs  of  the  nation,  you  would  have  to  have  many, 
many  more  than  just  a  thousand  a  year. 

Dr.  Atkinson.  But  this  will  ca«»de,  just  the  image  associated 
with  the  public  recognition,  and  that  is  why  I  want  this  not  to  be 
something  where  you  hand  a  fellowship  to  a  person  and  foiget 
about  it,  but  that  somehow  the  person  carries  that  fellowship  and 
the  pride  of  having  won  it  right  through,  and  so  that  there  might 
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be  summer  meetings  of  these  fiellows  gathering  in  a  region  of  the 
country.  So  there  is  an  esprit  de  corps  associated  with  that,  and 
that  will  brmg  lots  of  other  people  along. 

And  then  I  think  again  it  is  clear  that  we  all  agree  this  is  just 
one  thin^  that  should  be  done,  but  we  are  very  enthusiastic  about 
this  one  item. 

Mr.  Waloren.  Well,  I  am  just  sort  of  fishing  for  flexible  ways  to 
pursue  the  teaching  value  that  Mr.  Boehlert  is  looking  right  at  and 
yet  not  confine  the  path  these  people  take  absolutely. 

Do  we  have  any  experience  with  penalties,  as  such? 

Boehlert's  proposal  envisions  an  actual  penalty  if  the  indi- 
vidual fails  to  ful  the  teaching  commitment  over  and  above  the 
amount  of  the  loan,  in  truth. 

Do  we  have  any  experience  with  anything  like  that? 

We  have  had  forgivable  loans,  I  gather,  so  that  you  earn  your 
way  out  of  an  obligation,  but  what  about  penalties  per  se? 

Profe^r  Stsen.  Well,  as  I  suggest  in  my  written  testimony,  I 
think  the  image— if  you  are  going  to  structure  it  that  way,  the 
image  of  the  forgivable  loan  seems  to  be  a  better  metaphor  and  a 

!£L?^*^'i'^  o*"  ^  penalty  for  somebody  who  for 

perfectly  good  reasons  may  have  changed  their  career  plana.  It  is 
not  »}mething  that  one  should  consider  to  be  a  wrong  that  they 
haw  done.  It  may  be  very  good  for  the  country  that  they  discov- 
ered that  they  couM  do  tremendous  good  as  a  research  biochemist 
rather  than  as  a  schoolteacher,  and  we  shouldn't  impugn  the'r  in- 
tegnty  for  havi  ig  done  that. 

Mr.  Walgr  vt.  What  can  be  said  about  the  role  that  these  nomi- 
naUng  committees  might  play  in  regions  in  which  they  are  located? 

Or  Atkinson,  you  suggested  that  they  might  be  involved— I 
think  It  was  your  testimony— where  they  might  be  involved  in  gen- 
erating some  funds  from  a  matching  basis  or  from  a  community 
basis.  T^ere  is  a  lot  of  potential  in  a  committee  that  would  actually 
work  on  these  problems. 

Dr.  Atkinson.  Tremendous  potential.  I  mean,  you  draw  together 
important  people  from  the  educational  sector,  from  the  public 
sector,  from  the  private  sector  to  make  th^  decisions. 

The  committee  might  continue,  with  changing  membership  year 

J^J- J*.  *  f^^^^        of  recognition  to  the  issue, 

and  that  is  why,  m  a  way,  I  would  like  to  have  the  Congressman 
from  the  distnct  m  some  sense  involved. 

I  don't  want  the  Congressman  to  make  the  decision,  but  I  also 
don  t  want  the  Congressman  isolated  from  the  decision. 

So  a  representative  of  the  Congressman  or  Congresswoman  on 
the  committee  might  be  worthwhile,  but  I  think  again  it  is  another 
I»rt  of  this  picture.  It  is  an  image.  It  is  attention  to  these  matters 
that  IS  drawing  people  in  the  community  to  focus  on  it  that  will 
pay  back  in  great  dividends. 

Mr.  Wamshkn.  It  is  interesting  to  think  tha*^  sometliing  very 
flexible  ;md  creative  could  come  from  pulling  together  people  to 
focus  on  these  problems  in  their  own  communities. 

Dr  Atkinson.  Mr.  Chairman,  there  I  would  want  the  Congres- 
sional member  to  issue  the  invitations  to  the  committee,  almost, 
more  so  than  some  isolated  inuividual  in  NSF. 
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I  WO' '  ^  Uke  it  to  be  a  feeUng  that  this  is  a  vtry  important  thing 
that  go»  jn  in  the  individuaPs  district  and  gets  the  appropriate 
sort  of  v-ablicity  in  the  newspapers  and  the  like. 

That  is  good  for  the  Congressperson,  but  it  is  good  for  the  stu- 
dents and  teachers,  and  the  like,  who  are  concerned- 

Dr.  Malonb.  There  is  a  very  powerful  multiplying  effect,  yes. 

Mr.  Walgrkn.  Of  course,  it  is  also  tme  that  some  Congress 
people  would  not  be  interested  in  thi^  area  I  mean,  Congr^ 
p'Mple  come  from  all  walks  of  life  and  focus.  I  wonder  whether  we 
have  to  have  some  kind  of  fallback  for  this  kind  of  pn^am  to  go 
on  on  a  nationwide  basis,  even  if  the  individual  Ck)ngreMman  may 
not  want  to  give  time  to  it  or  great  personal  effort. 

Dr.  Atkj>ison.  Well,  obviously,  if  an  organization  like  NSF  ran 
this,  it  would  operate  with  or  without  the  Ckm^ressional  person, 
but  I  would  hope  that  NSF  or  whoever  was  running  it  would  be  so 
heavily  biased  that  they  would  try  to  draw  in  the  Congresfflperson 
and  significant  figures  m  the  community  bo  this  has  great  visibili- 
ty. 

Mr.  Waixsrkn.  It  is  true  that  the  highest  military  award  is  i  he 
Congressional  Medal  of  Honor,  und  that  historically,  as  I  under- 
stand it,  is  the  sUinding  that  Congressional  awards  can  be  meas- 
urtd  by. 

There  is  no  military  av.-^ard  given  by  the  President  of  the  Umted 
States.  An  award  is  given  on  behalf  of  what  the  Congress  repre- 
sents, which  is  the  devest  embodiment  of  the  people  as  a  whole. 

So  there  is  real  reason  for  us  to  be  pursuing  Congressional 
awards  in  this  area  I  would  think. 

Dr.  Atkinson.  Yes.  Mr.  Chairman,  I  Uke  thox  remarks,  and  I 
guess  I  want  to  associate  myself  with  my  colleague  here  on  the 
r^ht. 

I  also  like  the  service  component  in  a  way  for  many  fellowships, 
and  the  like,  but  I  see  these  as  so  specialized  and  hitting  on  such  a 
unique  group  of  people  that  I  am  not  really  quite  p'"^  that  we 
have  tc  worry  about  insisting  on  a  service  component  to  them. 

I  like  the  concept  for  the  broad  range  of  fellowships  and  pro- 
grams that  I  think  are  going  to  have  to  be  put  in  place,  but  I  still 
see  these  Congressional  fellows  as  so  unique  and  so  special  that  I 
might  not  worry  too  much  about  the  service  component. 

But  I  think  you  have  got  some  colleagues  who  may  want  you  to 
worry  about  it. 

Mr.  Walgren.  Well,  there  might  be  a  way  to  build  some  real  in- 
centives in  to  do  the  teaching  component  as  well  or  perhap«  make 
it  flexible  enough  that  that  value  could  be  satisfied  regardlera  of 
what  direct  path  people  took. 

What  about  the  transition  from  undergraduate  to  graduate 
school  for  these  people? 

If  they  are  properly  selected,  they  will  the  kind  of  person  who 
will  be  doing  graduate  work. 

The  NSF  of  murse  has  a  pn^am  of  graduate  fellowship,  and 
they  are  making  a  pretty  good  cut,  as  I  understand  it,  picking  the 
stiidcultt  umi  have  the  greatest  potential  evaluated  at  that  point  in 
lime. 

Mr.  Slaughter  suggests  a  program  that  would  move  the  picking 
point  of  graduate  support  back  a  little  bit,  as  I  understand  it,  into 
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the  junior  year,  and  one  concern  would  be  if  you  want  to  keep 
^lese  monies  targeted  on  the  most  meritorious  at  each  point  how 
do  you  mesh  the  NSPs  graduate  fellowship  program  with  a  pro- 
gram that  would  have  a  geographical  distribution  based  on  a  junior 
year  evaluation? 

Professor  Steen.  It  is  very  difficult  to  assess  a  student's  scientific 
or  nmthematical  potential  that  early  in  their  college  career  except 
in  a  few  cases  of  very,  very  outstanding  students. 

But  the  fiiet  two  years  of  undeigraduate  preparation  are  pretty 
broai  and  general,  and  the  experience  of  being  involved  in  undei^ 
equate  research  and  getting  a  sense  as  to  whether  students  have 
the  potential  and  interest  to  go  on  usually  emerges  in  the  junior 
and  senior  year. 

Now,  that  doesn't  mean  one  can't  have  programs  at  all  levels. 

I  mean,  there  is  very  good  benefit  at  the  high  school  level  and  in 
the  middle  of  the  college  career  and  at  the  b^inning  of  the  gradu- 
ate career  to  have  programs,  but  I  would  hate  to  see  one  replace 
the  other. 

Mr.  Walgren.  I  see. 

Dr.  M^LONR.  It  seems  to  me  the  most  critical  time  is  the  transi- 
tion between  the  high  school  and  the  oillege.  Only  one  out  of  three 
high  school  seniors  interested  in  science  and  engine<»ring  go  on  to 
get  their  baccalaureate.  If  you  buUd  up  that  corps,  you  have  provid- 
ed a  broadened  base  for  the  selection  on  Ph.D.'s,  and  if  you  have  to 
eraser,  e  your  resources,  it  seems  to  us  that  it  is  at  the  critical  first 
year  colle^  level. 

In  our  study  of  Wing  Spread  in  January,  we  underscored  the  im- 
portance of  new  entry  course  into  science  and  engineering  at  the 
college  level,  first  year.  That  is  when  they  are  turned  on  or  turned 
on. 

Mr.  Waloben.  Well,  all  right,  we  are  under  some  real  pressure 
for  the  next  committee  that  has  to  use  this  room,  and  I  appreciate 
how  far  you  have  all  come  and  that  you  have  given  us  of  your 
time,  and  perhaps  we  can  develop  some  of  these  thoughts  with  you 
informally  and  get  some  good  guidance  from  you  after  the  hearing. 

flanks  very  much.  We  appreciate  your  being  a  resource  to  us. 

[Whereupon,  at  1:20  p.m.,  the  subcommittee  was  adijourned,  sub- 
ject to  the  call  of  the  Chair.] 
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OVERSIGHT  OF  THE  NATIONAL  SCIENCE 
FOUNDATION 


TUESDAY,  MARCH  14,  1989 
  House  of  Reprgskntatives, 

COMMTTTKE  ON  SciKNCE,  SpACE,  AND  TECin.OU0GY, 
SUBCXJMMnTEE  ON  SCIENCE,  RESEARCH  AND  TECHNOLOGY, 

Washington.  DC 

oo??®n"^"^?*®        pursuant  to  recess,  at  9:3*?  a.m.,  in  room 

Building,  Hon.  Doug  Walgren  (chair- 
man of  the  suboimmittee)  pr^iding. 
Mr.  Walgsen.  Let  me  call  ua  to  order. 

We  begin  our  process  of  oversight  hearings  on  the  National  Sci- 
ence Foundation  s  programs  this  morning. 

Todays  oversight  hearing  on  the  National  Science  Foundation 
!Ir  i^^u".^  specific  rraearch  programs  of  the  Foundation, 
the  fir^being  research  m  the  behavioral  and  social  sciences;  the 
second  being  research  and  facilities  needs  in  astronomy;  and  third, 
research  and  support  for  research  and  environmental  protection 
issues  mvolved  m  the  U.S.  Antarctic  program. 

A  prewous  oversight  hearing  of  our  committee  on  March  9  con- 
centrated on  NSFs  pre^»ll^  science  and  mathematics  education 
eflorts.  and  on  March  16  wUl  we  have  NSF  witnesses  describmg 
^"bud^t  as  revealed  in  the  proposed  fiscal  ySr 

The  first  two  panels  this  morning  on  the  behavioral  and  social 
sciences  and  on  astronomy  wiU  talk  about  the  issue  of  adequacy  of 
m>port  for  rraearch  in  their  respective  fields.  Despite  buAret 
srowih  at  NSF  over  the  past  several  years,  r^earch  programs  in 
eachof  th^  two  fields  have  grown  litUe  or  at  all.  and  we  wUl  be 
interested  in  heanng  arguments  in  support  of  greater  efforts  for 
tunding  for  research  m  these  areas,  including  ways  that  that  re- 
search contributes  to  the  advancement  of  other  fields  of  science 
and  how  it  benefits  and  applies  to  each  of  us  in  our  everyday  lives 

We  also  want  to  invite  the  views  of  the  behavioral  i  jid  social  sci- 
ences panel  on  whether  curreit  NSF  programs  are  consistent  with 
the  potential  for  research,  ti  e  research  opportunities  that  were 
highlighted  m  the  recent  report  of  the  National  Academy  of  Sci- 
ences. 

We  want  to  invite  the  views  of  those  on  the  astronomy  panel  on 
the  pnonties  of  new  astronomical  research  facilities  and,  in  pai^ 
h^^^'  pnonty  that  should  be  assigned  to  replacing  the  capa- 
bilibes  that  were  lost  recently  in  the  collapse  of  the  raSoteleKJope 
m  West  Virginia.  *^ 
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The  third  panel  this  morning  will  address  aspects  of  NSF's  re- 
seait^h  and  support  for  research  in  the  Antarctic,  Of  particular  in- 
terest is  NSFb  proposed  initiative  for  fiscal  year  1990  on  the  envi- 
ronment,  health,  and  safety  with  respect  to  activities  in  the  \J3. 
Antarctic  prt^ram.  We  want  to  gather  comments  from  the  panel 
on  the  content  and  the  resources  allotted  and  the  time  scale  that 
this  plan  encompasses. 

We  would  also  like  to  have  the  views  of  the  panel  on  the  <*j^- 
tives  of  NSF-sponsored  research  in  the  Antarctic  and  on  the  ade- 
quacy of  the  support  that  is  provided  for  that  effort. 

On  our  first  panel  this  morning  on  behavioral  and  social  sci- 
ences, I  want  to  express  a  particular  welcome  to  Dr.  Herfjert 
Simon,  professor  of  psychology  at  Carnegie  Mellon  University,  I 
come  firom  Pittsburgh,  as  many  people  know,  and  Dr,  Simon  has 
been  such  a  wonderful  part  of  our  community,  both  at  large  and  in 
our  educational  community,  and  it  is  a  particular  honor  to  have 
you  come  and  share  in  our  proc«»  today.  Dr.  Simon. 

I  also  want  to  welcome  to  this  panel  Charles  Schultze,  the  Direc- 
tor of  the  Economic  Studies  Program  at  Brookings  Institution,  who 
has  been  such  a  pillar  of  Washington  comment  over  the  years,  and 
Mr.  William  Gorham,  the  President  of  the  Urban  Institute.  We 
welcome  you  both  and  are  glad  you  are  here. 

The  next  panel  on  astronomy— and  I  will  introduce  them  just 
briefly— «jnsists  of  Dr.  Arthur  Walker,  the  chaim.an  of  the  Na- 
tionsd  Science  Foundation's  Advisory  Committee  for  Astronomical 
Sciences;  Dr.  Paul  Vonden  Bout,  the  Director  of  the  National  Radio 
Astronomy  Observatory;  Dr.  Sidney  Wolff,  Director  of  the  National 
Optical  Astronomy  Observatories;  and  Dr,  Tor  Hagfors,  Director  of 
the  National  Astronomy  and  Ionosphere  Center, 

Then  on  our  last  panel  we  will  nave,  dealing  with  the  U,S.  Ant- 
arctic program,  Mr,  Robert  Craig,  the  President  of  the  Keystone 
Center;  Bruce  Manheim,  representing  the  Environmental  Defense 
Fund;  and  Dr.  Rutford,  the  President  of  the  University  of  Texas  at 
Dallas,  who  was  unable— I  am  son^—to  be  with  us  this  morning 
becau^  of  legislative  commitments  in  his  State,  but  he  has  submit- 
ted written  tratimony  for  the  record,  and  that  will  be  helpful  to  us. 

Well,  with  that,  let  me  re«)gnize  other  membere  for  opening 
thoughts  that  they  would  like  to  share  with  the  a)mmittee,  and,  m 
the  order  of  their  appearance,  let  me  recc«nize  Mr.  Brown  of  Cali- 
fornia first. 

Mr.  Brown,  Mr.  Chairman,  I  have  no  opening  statemen'.,  but  I 
am  pleased  to  welrome  the  distinguished  witn^s^  we  have  this 
morning.  I  think  we  will  benefit  a  great  deal  from  their  testimony, 

MrTwAUSEEN,  Thank  you,  Mr.  Brown, 

Mr.  Price? 

Mr,  Prick.  Thank  you,  Mr.  Chairman. 

I  want  to  commend  you  for  having  these  hearings  on  NSF  over- 
sight. Given  recent  studies  that  have  shown  significant  problems  in 
our  Nation's  educational  system.  I  believe  these  hearings  are  both 
neceseary  and  timely,  ,,  .  , 

My  own  background  in  teaching  and  research  is  m  political  sci- 
ence, so  I  am  specially  pleased  t'lat  you  have  decided  to  devote 
some  of  our  time  this  morning  to  jxamination  of  NSF  funding  for 
the  social  and  behavioral  science. 
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These  disciplines,  just  as  much  as  the  socalled  hanier  sciences, 
are  vital  to  our  development  as  a  society.  They  provide  us  the  basic 
tools  needed  to  grapple  with,  and  prompt  us  to  think  mor«  critical- 
ly aixMit,  many  of  our  current  social  problems.  Certainly  they  de- 
aerve  aitequate  levels  of  Federal  funding. 

Mr.  Chairman,  I  welcome  th^  hearings  and  look  forward  to  the 
testmiony  of  mir  witness  today. 

Mr.  Wau}RKn.  Thank  vou,  Mr.  Price. 

The  gentleman  from  Vixginia,  Mr.  Slaughter? 

Mr.  SiAUGHTER.  I  have  no  statement,  Mr.  Chairman. 

Mr.  Walgr£n.  WeU,  with  that,  let's  begin. 

I  would  only  add  that  one  of  the  first  things  that  struck  me  in 
the  1980s  was  that  the  President  of  General  Motors,  on  one  of  the 
national  shows,  and  it  was  right  in  the  throes  of  us  essentially  evis- 
cerating and  turning  the  coldest  of  shoulders  on  the  behavioral  aci- 
m  the  NSF,  and  I  remember  that  the  panelists  on  Meet  the 
Press  or  something  like  that  wanted  to  get  him  to  comment  on  how 
burdensome  all  the  regulations  were  and  how  much  he  looked  for- 
ward and  what  his  hopes  were  for  the  der^ulation  emphasis  of 
wtot  was  at  that  time  the  new  Re^;an  Administration. 

His  comment  was,  "You  know,  if  I  wjuld  get  my  people  just  to 
come  to  work  half  of  the  time  that  they  now  don't,  all  my  problems 
would  be  solved."  It  struck  me  that  there  was  something  behavior- 
al in  that,  and  that  certainly  the  forces  that  we  deal  with  in  the 
behavioral  and  the  social  sciences  are  so  broad-spread  in  our  socie- 
ty and  so  central  to  what  we  want  to  happen  that  the  potential  to 
make  tremendous  contributions  to  the  well-being  of  the  American 
venture  are  so  strong  in  this  area. 

So  we  want  to  welcome  you  all  here  to  talk  about  this  part  of  the 
sci€»nce  agenda  and  underscore  its  importance  at  the  same  time. 
I«t  s  start,  and  we  will  go  through  the  panel  in  the  order  that  I 
mtroduced  you  to  the  record,  and  we  will  start  with  Dr.  Simon. 

STATEMENT  OF  DR.  HERBERT  A.  SIMON.  PROFESSOR  OF 
PSYCHOLOGY,  CARNEGIE  MELLON  UNIVERSITY 
Dr.  SntON.  Tliank  you,  Mr.  Walgren. 

It  is  a.  very  welcome  privilege  to  testify  \ere  about  NSF  support 
for  the  behavioral  and  social  sciences;  from  now  on,  I  guess  I  will 
just  call  them  the  "social  aiienccs"  in  the  interest  of  brevity. 

I  have  been  involved  for  50  years  now  in  research  in  these  fields, 
but  that  really  is  not  my  reason  for  thinking  the  Federal  Govern- 
ment should  support  it.  I  want  to  say  what  kind  of  research  is 
needed  and  why  it  is  needed. 

Basic  science,  of  course,  is  aimed  at  finding  out  what  the  world  is 
all  about:  Wuat  elementary  matter  is;  the  ''big  bang"  and  the  ori- 

Sis  of  the  universe;  what  life  is,  and  its  processes;  how  a  bram  can 
ye  thoughts;  how  our  human  societies  work  or  do  not  work.  The 
exatem^t  of  these  big  questions  fuels  the  scientist  and  rouses  the 
wonder  and  interest  of  all  of  us. 

But,  most  important,  science  addresses  the  big  problems  we  must 
deal  with  to  survive  and  prosper  in  our  world  today:  how  to  meet 
our  needs  for  energy  and  other  r^wurcra  while  preserving  the  envi- 
ronment of  our  planet;  how  to  live  in  liberty,  pursuing  our  happi- 
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ness  as  individuals,  and  seeking  pi»ce  in  relation  to  o^er  people 
and  other  nations. 

We  apply  this  term  "science"  to  all  kinds  of  inquiries,  whether 
physicaf,  biological,  or  social,  because  they  all  have  the  same  foun- 
dation: a  commitment  to  fmding  out,  carefully  and  objectively,  how 
things  are  and  how  they  work.  Science  tries  to  replace  guesses  by 
fact  However  varied  their  methods,  the  sciences  are  one  in  their 
conunitment  to  the  discipline  of  objective  inquiry.  And  we  need 
that  inquiry  as  urgently  in  dealing  with  our  social  as  with  physical 
and  biological  facts. 

The  question  is  sometimes  asked  whether  social  science  is  paasi- 
We.  Well,  it  must  be  because  it  exists.  If  we  don't  always  succeed  in 
fine-tuning  the  economy— or,  for  that  matter,  our  car— we  ertill 
have  vast  knowledge  of  how  an  economy  operate,  and  I  think 
some  of  our  other  witness  are  going  to  have  something  to  say 
about  it.  The  economy,  perhaps,  is  like  meteorolc^:  it  is  easier  to 
understand  the  machinery  of  the  weather  than  to  forecast  it  or  to 

change  it  .  ,  t^.  , 

We  have  much  krowledge  today  of  how  the  human  mim  thinks 
and  learns,  knowledge  that  help®  us  design,  for  example,  our  huge 
military  personnel  training  programs,  and  "expert  systems  that 
aid  managers  in  our  companies.  We  have  much  knowledge  about 
the  loyalties  that  bind  people  to  their  families,  their  organiza- 
tions—that bring  them  to  work  in  the  morning,  if  they  do— their 
nations,  about  what  makes  organizations  efficient,  about  how 
people  use  tiansportation  systems  or  fail  to  use  them,  about  crime. 

Much  of  the  knowledge  in  the  social  sciences  is  common  sense, 
but  much  of  it  flies  in  the  face  of  common  sense.  Social  science  re- 
search educates  our  common  sen^,  corrects  it,  expands  it. 

Thf.  research  budgets  for  acquiring  this  ttsential  knowledge  have 
been  pitifully  small.  The  total  annual  Federal  support  for  social  sci- 
ence research,  basic  and  applied,  is  about  three-quartere  of  a  billion 
dollars,  which  is,  of  course,  a  small  fraction  of  the  cost  of  a  single 
laboratory  instrument  in  physics,  the  supercollider. 

The  limited  funding  provide  a  wholly  inadequate  R&D  backup 
for  social  prc^rams,  for  society's  programs,  whose  efficiency  and  ef- 
fectiveness it  is  supposed  to  improve.  Education,  for  example,  costs 
nearly  5  percent  of  GNP;  that  is,  if  we  do  not  charge  any  costs  for 
the  time  of  our  student  population.  Even  a  3  percent  R&D  budget 
for  education  would  work  out  to  nearly  |5  billion  a  year,  which  is 
"ix  times  the  level  of  support  for  all  social  sciences  in  the  United 
Stat^  today. 

Now,  the  main  mission  of  the  NSF  is  to  supjMjrt  basic  research, 
the  rtx:k  on  which  applications  build.  Total  Federal  support  for 
basic  social  science  research  in  fiscal  year  1987  was  a  little  more 
than  a  quarter  of  a  billion  dollars.  Of  this,  $52  million,  plus  or 
minus — we  can  ai^e  about  the  exact  boundaries — of  this,  $52  mil- 
lion, about  a  fifth,  came  from  the  National  Science  Foundation. 

How  have  the  social  sciences  fared  in  the  NSF  at  budget  time? 
Well,  poorly.  Severely  cut  in  the  early  1980p,  as  our  chidrman  has 
mentioned,  they  have  only  now  regained  the  levels  then  in  current 
dollars.  In  constant  dollars,  they  are  now  more  than  30  percent 
lower  than  before. 
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tiJ^^'V^^^^Il^r.^^SL^^^  ^^"^  research  in  this  country. 
th«  total  NSP  budget,  the  NSP  bAavioral  and  social  sciences,  the 
total  re^arch  bud^  in  the  middle  chart  and  the  percent  of  behav- 
imal  and  social  sciences  in  the  total  Federal  research  funding  from 
1971  down  to  the  present 

In  constant  dollaxB  within  the  NSF,  they  are  now  more  than  30 
percent  lower  than  before,  while  in  the  same  decade,  the  NSF 
HS^J"  constant  dollars,  has  been  increased  by  30  percent 
"rae  fiscal  year  1990  request  like  all  recent  requests,  proposes 
rasiUer  increases,  ranging  from  7  to  10  percent,  in  all  componente 
at  .  rQ  social  science  programs  than  the  14  percent  average  increase 

Src  i8d  for  NSF  as  a  whole.  Qearly,  the  National  Science  Foun- 
ata»  ^  has  had  httle  vision  of  the  important  contributions  the 
Moa.  -ciences  can  make  to  our  society,  or  of  the  exciting  questions 
they  a  ^  answering. 

Tlie  u  »ny  opportunities  for  valuable  social  science  research,  un- 
mtoit^  uecause  of  this  stringency  of  funds,  are  amply  documentr 
ed  by  the  recent  National  Research  Council  report  on  the  behavior- 
al and  spaal  sciences.  The  report  identified  specific  areas  of  oppor- 
gMUty  that  call  for  new  funding  at  a  rate  of  $240  million  annually 
That  IS  about  onfr«ixth  of  1  percent  of  our  Nation's  education 
ouoget. 

About  $60  mUlion  of  that  total  belongs  in  the  NSF  budget  a 
Sr^®  "TlPJi?  ^  required  to  restore  the  social  sciences  to 

theu'  1980  share  m  that  budget.  To  my  mind,  that  is  not  nearly 
enough  to  exploit  the  opportunities  that  exist  but  it  certainly 
would  be  a  substantial  beginning  and  a  great  improvement  over 
the  preiK!nt  situation. 

I  cannot  begin  to  summarize  the  250  rages  of  concrete  and  specif- 
ic samples  of  research  needs  the  NRC  committee  identified.  I 
Su  "**^^P»«s  of  Its  report  have  been  provided  to  this  committee 
lhaee  needs  range  over  cognitive  development  expertise,  what 
makes  an  expert  the  learning  of  science;  reading;  prevention  of 
substance  abuse;  criminal  careers  and  the  criminal  justice  system; 
organwational  evolution;  bargaining  and  negotiation;  technology, 
migration,  and  mobility;  population  change;  international  finance 
and  dom^tic  policy;  superpower  relations;  and  many  othens. 

A  few  days  ago  I  came  across  a  simple  but  typical  example  of 
what  social  science  research  can  teach  us.  Some  300  pregnant  ado- 
lescents were  followed  up  over  a  period  of  17  years  to  discover  how 
they  and  their  children  would  fare.  The  study,  which  last  year  won 
an  American  Sociolc^cal  Association  award,  contains  a  wealth  of 
facte— not  gue^  but  facte— and  identifies  specific  factors  "that 
distinguish  adolescent  mothers  who  succi=iifuny  make  the  transi- 
tion into  adult  responsibilities  and  thc^  who  do  not." 

Now,  that  is  not  a  glamorous  piece  of  research;  it  does  not 
produce  anv  sweeping  new  theories.  But  it  does  provide  an  invalu- 
able factual  background  for  public  policies  dealing  with  adolescent 
pregnancy,  which  is  a  m^jor  and  growing  social  problem  in  our  so- 
ciety. 

Another  example:  Right  now,  in  a  classroom  in  Beying,  China 
studente  are  learning  mathematics  using  a  new  method  based  on 
modem  cognitive  research  that  was  carried  out  in  an  American 
university.  I  could  tell  you  why  the  research  was  done  in  America 
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and  the  teaching  in  China;  that  is  another  story.  They  are  learning 
that  mathematics  in  two-thirds  the  time  required  by  their  school- 
mates who  are  studying  by  conventional  methods. 

However  tentative  the  outcome,  which  does  need  further  evalua- 
tion, it  indicates  what  basic  research  is  discovering  about  the  mind 
and  how  close  these  new  discoveries  are  to  opportunitira  for  impor- 
tant social  applications. 

These  are  just  two  examples  with  which  I  happen  to  be  familiar. 
The  NRC  report  which  I  mentioned  dc^CTibc^  hundreds  of  others  at 
least  as  significant  as  th^te  over  the  whole  range  of  the  scx^ial  sci- 
ence. 

I  have  focused  my  t^timony  on  funding  requirements  and  oppor- 
tunities in  the  social  Gciencra.  I  would  like,  in  my  Moitten  testimo- 
ny, to  append  a)mments  on  three  other  not  unrelated  topics,  and  I 
would  be  glad  to  answer  qu^ions  about  them: 

First,  the  need  for  better  representation  of  the  social  s^riences  in 
t>:e  top  administrative  level  of  the  National  Science  Foundation, 
wiiich  I  would  identify  as  a  soun^  of  budgeting  problems  of  the 
social  science  in  that  Foundation. 

Secondly,  the  need  for  better  social  science  instruction  in  the  sec- 
ondary schools. 

And,  third,  the  need  for  full  utilization  of  the  social  sciences  in 
the  wience  education  pn^rams  within  the  NSF. 

I  would  also  like  to  attach  to  the  written  record  a  statement 
which  has  been  endorsed  by  13  of  the  leading  social  science  profes- 
sional organizations  on  how  we  might  go  about  implementing  the 
recommendations  of  the  NRC  Committee  on  Behavioral  and  Social 
Sciences  in  the  NSF. 

I  would  be  very  pleased  to  answer  any  questions  that  the  com- 
mittee may  have. 

[The  prepared  statement  of  I>r.  Simon  follows:] 
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Social  and  Behavioral  Science  Programs 
in  the  National  Science  Foundation 


It  is  a  welcome  pnvnege  to  testify  here  about  the  National  Science  Foundation  s 
support  ot  tjasic  research  tn  the  behavioral  and  social  sciences  Perhaps  t  should 
l>egin  with  a  conflict-of4ntere8!  statement,  I  ha\^  been  engaged  for  more  than  fifty 
years  In  soc^l  a«:ience  research.  (For  brevity,  i  am  going  to  use  the  phrase  'social 
science*  to  covf?r  all  of  the  social  and  behavioral  sciences )  From  time  to  time  I 
have  received  grants  from  the  National  Science  Foundation,  and  it  is  not  unlikely  that 
!  ivlit  again  t^e  an  applicant  for  such  a  grant  at  some  future  date 

It  will  not  surprise  you  that  I  am  a  strong  advocate  of  s«;ial  science  research. 
Because  of  its  intellectual  excitement  and  its  practical  value.  I  have  invested  my  life 
in  tt.  It  5S  an  integral  part  of  our  great  adventure  into  understanding  the  world, 
including  -  perhaps  most  important  of  all  -  understanding  ourselves 

That  is  what  basic  science  is  about  We  want  to  know  the  secrets  of 
efementary  maner.  we  want  to  Know  about  the  world's  origins,  the  Big  Bang  and  an 
thai;  we  want  to  know  about  iHe.  its  processes  and  its  chemical  foundations,  we 
want  to  unow  about  mind,  how  a  brain  can  have  thoughts,  and  we  want  to  know 
about  our  own  human  societies,  their  history  and  how  they  work 

Curiosity  is  a  major  driving  force  of  science,  and  a  noble  goal  But  how  much 
funding  could  science  claim  on  grounds  of  curiosity  alone*^  Beyond  curiosity,  it  is 
absolutely  essential  that  we  understand  the  world  belter  m  order  to  deal  with  the 
grave  proWems  it  presents:  how  lo  use  ti.e  natural  environme  it  to  meet  our  human 
needs  while  living  in  peace  and  equiiibrium  with  that  environment  how  to  live  in 
health  and  Mberty.  pursuing  our  happiness  as  individuals  and  »n  our  relations  with 

other  "  individualiy.  as  groups,  and  as  nations 

The  reason  ^  we  apply  the  same  name,  science,  to  all  Kinds  of  inquiries, 
whettm  phystcal.  biological  or  social,  is  simple  Science  means  a  commitmem  to 
ftndfng  out.  as  carefully  and  objectively  as  possible,  how  things  are  and  how  they 
work     Science  warns  us  against  basing  our  conclusions  and  our  actions  on  guess 
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wt»«n  dye  could  t3a$e  inem  on  fact  Although  the  sciences  differ  m  the  msiruments 
and  technrques  They  use;  they  do  not  differ  at  aii  tn  their  commament  to  me 
discipttne  of  objective  inquiry  And  ys/e  hawe  at  least  as  urgent  a  need  'or  that  k*nd 
of  obiecttvely  and  discipline  m  dealing  with  socrai  facts  and  laws  as  we  do  .n  ciealtng 
with  physical  and  biological  facts  and  laws 

The  question  is  ofien  asked,  "fs  soctai  science  possible'?"  it  must  be  possible 
because  H  e^isfs  We  have  vast  knowledge  and  ur^derstandmg  about  the  laws  of 
economics,  although  not  enough  to  manage  a  modern  economy  who'ly  dependably 
and  smoothiv^  (We  also  have  an  enormous  amoun;  of  knowledge  about  meteorology 
but  not  ercugh  -  a  hundred  years  after  fviark  Twa?n  •  to  do  anything  about  it.  nc 
even  to  predict  the  weather  weM. 

We  have  a  great  deal  of  knowfedge  about  hew  a  hurnan  mmd  thinks  and 
learns,  knowledge  thai  has  already  t^een  drawn  upon  for  e^amr  e,  m  the  design  of 
the  hug©  and  costly  trarung  programs  mat  our  mHaary  organ{/i):!ons  must  conduct, 
and  of  the  "expert  systems'  and  other  aids  to  manngemen?  that  our  companies 
require 

We  have  a  great  deal  of  knowledge  aDout  many  cthvr  social  phenomena 
about  human  loyalties  in  different  ^.rrjeMc^  (to  ihr  family  to  the  work  OfQam/at-on.  to 
the  chufchi.  about  factors  that  determine  organisational  efficiency  about  the  worktngs 
of  governments,  about  human  responses  to  transportation  systems,  about  crime 
Some  of  Jl  IS  "common  sense."  for  we  all  live  m  the  world  and  observe  our  fellow 
human  beings  and  ourselves  But  r»Hich  of  \\  fhes  tn  the  face  of  common  sense 
because  our  casual  observations  aie  fragme'M<!'v  atypfcaJ  a^d  biased  by  our  beliefs 
and  values.  Social  science  reseaich  educates  our  common  se^ise  corrects  it  and 
expands  ^t 

We  have  acquiTed  this  knowledge  m  the  social  sciences  \Mth  very  modest 
research  budgets  Total  annual  Federal  support  for  social  science  research  basjc 
and  apphed,  is  about  ihree-quarters  of  a  billion  dollars  That  still  sounds  like  a  lot 
of  money  to  me  until  I  compare  ;t  with  the  funds  that  are  provided  for  other  kmds 
Of  research  (e  g  .  for  a  single  instrument  iike  the  SSC),  or.  mori-  important,  unt.l  / 
compare  it  with  the  funds  our  fwiciefy  ^jpenns  on  act'v^'res  that  coutd  bo  carried  out 
more  cheaply  and  effectively  if  we  understood  thr^i  better 

Primary  and  secondary  education  m  the  United  States  fakes  nearly  hve  per  cent 
of  our  GNP  even  if  we  treat  students  time  as  a  free  resource  to  be  used  or 
wasted  at  wjII     Suppose  we  were  to  decide  that  some  funds  should  be  devoted  lo 
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rvaMf^  amj  ct0w«k>|>ni«nl  9^  as  to  Increase  the  educational  return  on  this  enormoMS 
aKfWfHtltufQ  (to  *mpwe  our  teaching  of  science  and  mathemancs  say)  Suppose  we 
were  lo  commrt  a  modtest  thfe«  percent  for  this  purpose,  that  works  out  to  about  4  5 
trtWon  dotiars  per  year  ^  six  lirries  the  level  of  support  lor  aii  socai  science  research 
^  the  UnHed  States  today! 

Let  nfve  turn  specificaity  to  the  National  Science  Foundation  its  mam  mission 
to  support  basic  research  -  the  rock  on  ^vhch  imfK)rtan!  appUcations  must  buiid 
Total  Federal  support  for  t:iJc  social  science  research  m  fiscal  i987  was  a  little 
irore  than  a  quarter  billion  dollars  ($272  million  -  approximately  the  "downpftymenf 
for  the  SSC  in  the  Administration  s  proposed  budget).  01  this  total.  $52  million,  about 
a  fi*th,  came  from  the  National  Science  FtHmdation  (these  numbers  exclude 
neurosciem^,  which  m  a  bit^lcal  ratter  than  a  behaworal  or  social  science) 

Thus.  NSF  is  extrenwty  important  to  the  health  and  progress  of  the  social 
sciences.  Hw  have  they  fared  at  budget  tir.^e?  Poorly  Their  budgets  **9re 
severely  cut 'in  the  early  1980  s,  and  only  now  have  regained  the  levels,  in  cvrrent 
doners,  ihat  they  had  reached  in  1980.  in  constant  dollars,  they  have  declined  more 
than  30  per  cent  in  the  decade  -  a  perioa  which  the  total  NSF  budget  has 
grown  some  30  per  cent  m  constant  doHais  The  FY  1990  request,  like  ail  recent 
requests,  uroposes  smaller  increases  (atJ  Mt  7  to  10  per  cent)  m  all  components  of 
the  social  science  programs  than  the  14  per  cent  average  increase  proposed  for  the 
NSf  as  a  wfTole  Clearly  the  National  Science  Foundation  has  littte  vision  of  the 
Important  contributions  the  social  sciences  can  make  to  our  society,  or  of  the  exciting 
questions  they  are  answering, 

Tfie  many  opportunities  for  pf0ducih«  research  mat  remain  unexpioited  Ptrcause 
of  this  stringency  of  funds  is  well  documented  m  me  recent  National  Research 
Council  report  on  the  Behavioral  and  Social  Sciences  The  report  identifies  specific 
areas  of  opportunity  that  require  expanded  support,  prirrianly  in  basic  research,  and 
prices  out  the  cost  of  providing  this  addition  funding  at  $240  million  annually  Using 
my  previous  yardsticK.  that  «s  one  sijtth  of  one  percent  of  our  country  s  annual 
budget  for  primary  and  secondary  education 

The  committee  estimated  thai  $60  million  annually  of  fhis  total  could  be 
assigned  appropriately  to  the  NSF  budget,  a  little  more  than  vwjuld  be  required  to 
restc^e  the  social  sciences  to  their  1980  shaie  in  that  budget  To  my  mind  that  is 
not  nearly  enoiKjh  to  exptoii  the  opportunities  thai  but  it  would  be  a  substantial 
beginning 
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I  cam  t?egin  to  summarize  here  me  zr^Q  pages  of  cor^ciete  anu  specific 
exainpfes  of  research  opportunities  thai  t^e  committee  jdeniified  a  me^e  rcciiai  o* 
some  of  the  items  in  the  table  of  contents  ts  enough  to  show  the  mteUertuai 
excitement  of  me  field  an^  ^ts  stgrnficance  to  our  soc.ety  early  cogn^ttve 
development  and  learning  expen^.e  and  sctent.fjc  education  readmg  prevention  of 
substance  abuse  cnnfiirai  careers  and  the  effects  of  the  cnnnnai  justice  system, 
setting  agendas,  organtzatjonal  evotuifon  Dargainrng  and  negottat»on  technology, 
mtgrafion  and  mobility,  evolution  of  language  population  change  m  deveiupmg 
countries,  the  nuclear  family  and  social  change,  international  fmance  and  domesttc 
policy,  superpower  reianons 

Let  me  turn  from  the  general  to  the  very  specific  Our  newspapers  and 
periodicals  are  full  of  discussions  of  the  problem  of  the  adolescent  unwed  mother 
But  what  do  *^e  really  know  about  a  beyond  some  very  gross  statistics  '/n  the 
annual  number  of  births  to  such  mothers'?  What  becomes  of  these  g-rls  and  young 
women,  and  what  becomes  of  their  children?  What  factory  mfiuence  the  outcome'? 
What  ar^  the  costs  to  socmiy  and  what  are  the  consequences'^ 

Some  yaars  ago.  some  young  social  scientists  at  the  University  of  Penr^syivama 
set  out  to  answer  these  questions  Their  project  represented  the  most  difficult  of  all 
research  tasks  -  keepmg  track  of  a  sample  of  human  bemgs  (many  of  them  on  the 
margins  of  society)  over  a  period  of  17  years  They  did  «!  successfully.  w;th  3U0 
subjects,  and  their  study,  ivhich  last  year  won  Tne  Wifham  Goode  Award  of  the 
American  Sociological  Assooafion.  contains  a  wealth  of  facts  -  not  guesses  or 
conjectures,  but  facts  -  that  oegm  to  answer  the  questions  raised  abov?  And  their 
facts  wire  less  than  obvnous  For  example,  so  the  words  of  one  reviewer,  "me 
research   demonstrate.  that   there  r,re   systematic,  identifiable  factors  that 

distinguish  adctescent  mothers  who  successfully  make  the  transition  jnto  adult  roles 
and  responsibilities  from  those  who  do  not  '  and  describes  what  these  factors  are 

Not  a  glamorous  piece  of  research  No  sweeping  new  theory  has  emerged 
from  It.  but  |us!  the  Kinds  of  hard  facts  that  we  need  m  order  to  understand 
adolescent  pregnancy  a-d  to  a^ixiresB  the  problems  that  it  creates  for  both  the  acto/s 
and  society  Here  is  a  specific  example  that  I  ran  across  m  my  reading  a  few  <ic*y3 
ago.  which  illustrates  the  workaday  world  of  social  science  somethmg  of  its 
Intellectual  excitement,  and  something  of  its  impoftarce 

Bat  »^ere  js  also  theory  m  social  science  For  example,  very  exctmg  iheones 
have  been  emerging  to  explain  how  the  human  mmd  learns    and  what  ^  contains 
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Mrhvn  R  hmn  Right  no«r  m  a  hign  school  tn  BC'jtng  C^'na  «  Ct«fi*foom  of 

ftudeott  m  («tfntog  matt>«fn*ttc«  ut(f>o  •  ftert  rti^mocl  &ut  a  ^landaid  currtra!um  and 

mtthod  Q<  (9c{ufet  atMS  p*oot«fna  Th«  ne«^  memoO  was  d^rwed  Uom  a  iN*ory  of 
"Kaamm^  tiw  eMwrvjiOT.''  a  m^qfy  ihat  «n  luTn  h«j  been  d«rw«iop*o  and  tcswd  at 
an  ^maiican  univtsrsiiy  by  ismuiatmg  m«  fiuman  'eaminfl  a  ccKnpute?  pfoguin 
Thia  ona  e»pan*nem  r»«<>as  fufifnsr  camfui  evait^airon  tjut  rnswrvsr  !«/iiat»i»«  \rm 
ouicwna  rt  wi*ca!a«  isffia^  w«  «f©  leafinnQ  acom  ine  mind  and  ^o«f  c^ose  ine  r«w 
laarnif^  m  to  important  oi^hMtimtfies  fof  appffcai^n 

That*  ara  just  iiwj  aampi^s  i»<tn  i^n^^ti  i  nappen  to  be  faiiHtar  Tne  nrc 
rapoft  m«m»ooaci  at)ov«  datcnDes  Jntnotecs  o?  a»amp^.  at  ^asi  as  sigrnlican!  as 

\  nawB  focMWJ  my  tattimony  0"  ^onomg  f^Qturamtfita  and  oppoftumtfts  tn« 
wcJa*  tct^Kai  »  ttHjuid  to  appWHl  soma  commams  cm  itirca  oifwr  mji 
imrtrtatad  topics  0>  tfm  rmva  for  tjattw  fepreaentat^Off  of  tf^a  wcia!  K;t«nc«i  «n  \rm 
lop  ackromatratfw  io«9<8  <H  m«  Mattonaf  Sci«nca  Fo4rf»cfaT(on.  (ST)  tfw  n««CI  for  P«rt*af 
lOciai  KMmca  Miatrvctw  m  iha  Mcomlary  act^s.  and  (3)  the  instance  ^ 


I  haiw  commanted  on  ttic  Kfaak  advocacy  lof  fun*nq  sc»«oco  resaarcn  m 

ft)a  rotational  Scvckko  Foutodat»on  as  retried  m  tMdgat  lavela  At  least  part  of  tfns 
h^lory  can  Oe  untJa»ah?od  m  twrmt  of  tfta  NSf  cwgantrRtion  The  toc<a<  sctfl?nces 
f^prewm  a  larg*  part  of  iha  tuia  ana  a  smaH  p^rt  of  tfie  Oudgat  of  tn«  B<c{og*cai 
Ba^«/^Ofat.  and  Sot;»a*  Sct«ncc«  Diraclofaia  m  tne  Foundatton  Thf?  Assistant  Oifector 
o^  tfiat  CVnHMorate  is  and  f»as  b««fi  a  Orokjgtsf  as  «  t*ie  d«*eciOf  of  tne  Dwtston  of 

Thua  tftare  aia  no  socjai  sc^ntisis  ai  tfT«  Aswstam  Director  levei  in  ihf?  NSK, 
and.  to  if'e  tjeai  of  my  Knotiriaclaa  only  one  oui  of  2ff  D^viSion  and  Office  D^rectcs 
m  irm  fnw  d*9Ci>^ina*>  tftfecroraie*  Tc  anyone  knoiviedgeal)^  atJOui  how  scarce 
mtourcn  are  aiiocatad  tr  organuitfcns  tne^  facta  $peafc  for  themsafwe^  On>y 
social  sc«nwRS  can  repfosani  adaQuate^ir  the  needs  and  oopofiun<t«es  of  socoi 
aciantiatf  And  if>ey  can  n  that  only  if  tt^  padfcipaie  >n  ihe  highes!  levfis  of  \ne 
on3«n»aiioh.  whare  affoc4itton$  of  funds  a^e  efiec!ive(r 
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Ttmw  (NMn^uans  •f»  w  •  cmic»tm  of  t^•  a&itiftes  ana  ^fteni  -.t 

FcruiKliUon'i  «iff>    T?wy  iff  i  Cf»tiCf«m  of  to  OfgamMnoii  siruciuft  mtt  ciftv#rt| 

  *  i '  U/Z^  i-'  f  y 

SOMI  »aincf  mff  ttom  ot<i>9  My  efHrcf*v«  m  tvn  MiigiViLy  fOi#     To  corrtct  m^n 

ofOA^Mtional  Mitor^  citts  ^or  rht  MoaritioF^  of  mt  eioi^gicai   Bt»t«vioftt  ana 

AMsiant  Oirtctor  fOf  m«  ••h«vi0fai  arKl  Sociat  SciancM 
StcoTKiafy  Education  *n  th«  Soc^n  Sc*tncM 

Mc«  faffm«tf  ycuf^  pt^M  cnoott  a  carttf  irt  sc««nct  m$kf  thai  chorea, 
at  ttmaitvafy.  mnm  atw  m  ttomianr  sctwd  8y  that  wr^a.  ^hay  nM  had 
OMartuDMaa  avpo^jra  »  cuvyaca.  cnamiatfy.  Oictogy.  and  mamaffiattai.  arid  ro  iha 
rola  of  rtaaaicft  tn  ihaM  fl^,  Thm  axpMira,  Mrft^a  thay  hava  actual  satn  now 
raaaaicft  CfMtaa       iii^wia^.  ctafinaa  ma  maamnfl  of  "ad^a*  tor  mam 

Faw  Off  ttiaaa  m^mm  nava  baan  a«oowd  lo  ma  icNra  mai  ma  mamo^  oi 
actanca  c«i  oa  ai^M  to  tha  an^  of  human  miMmitf  ana  aodai  oahaviof,  TrnHf 
cpntaa  wm  inta  »Ma  comaa  from  ct^i^^  counwa  »n  ma  aoo^a^  aofancaa  ~  moat 
oftar*  attar  tifay  ara  i^aaoy  commfiiad  to  majwa  m  tt^  physic^  or  tjioiOQicai 
•aaocaa  ma  aoe^i  aciancaa  ara  man  ratfucad  le  iryino  to  aaduca  to  ma*r  ^la^da 
aDio  atuMma  *ii*>c  ara  air^aity  prapartr^  tm  a  <*iffafam  caraar 

ma  intf«toct*i)n  imp  ouf  McarHraiy  achoota  of  mora  ganui^a  aociai  scienca 
Qourwm  that  rt^iatrata  nqar  tha  mamooa  of  adancw  can  oa  at^NKl  to  t^man  affa^a 
^  aaaantial  »f  if^aa  cftao^^iaa  ara  ta  raovrt  tha  tafwn  thai  thair  i^raoraaa  rapiiiraa 
Tha  Hattonal  SciaiKa  Foundation  i  ac'anca  aducatioh  programa  whhiW  inciuda 
aetM^  ^rwem0  towtra  tma  qm 

Scimc*  Edkicaton 

WWteai  and  tMoploaf  aciamiata  na*a  piayad  tha  pnncioai  ♦'ofaa  in  tha  sctarKe 
aoucatiort  pfogmns  of  tf«  FcHindan^i:  aociai  tda^itiata  a  much  aniauaf  fO\m  Tha 
ctawam  Dara  {aa  dianna  from  tha  pomt  fum  mada  ^jova)  ta  not  tnat  maaa  programa 
f^va  Paan  dtractad  timoat  axcfuah^Ky  at  improwinj  inafrvction  <n  pfty*ca»  and 
Pteto9te«*  aciatm.  Tha  ooncam  ^  titat  ♦aarmtHI  m  a  paychotogieai  anp  aociai 
pwcaaa  ^^fwa  oripfiinMrt  and  eont^  naad  to  oa  informad  oy  aociai  ac^anca 
>«ww«o09t*  A  «ra^  daal  of  raJaww  HiiawMf^  axta»  today,  aapacta^y  m  ccv^%r% 
acianca. 
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7h§  pom*^Mit^  C\jfttK\Mmr  tfto^U  m  h$P  m^f  onry  otnty  succ^mfui  Miny 
»m  fli^lQI  Gtl^  t»t  irftctd  to  iNr  n«gt»a  of  avitltmt  knoiArlttig*  «00gt  hum^ 
tfimiHI  prOMMi.  tno  tn«  dommatton  of  \tm  cumcuium^MtQn  (ifoupi  oy  suOitci- 
mttHlf  fo^cMitti  iMfo  i&n^w  tfm  dttDpumm  v«fy  wtH  oui  ^no  O'O  not  t 
ihoreu^  gmunoinQ  m  comtmportiy  cognitiv*  ici#n€t 

Wi  tnoutd  aoi  mtM  ifi«t  tfror  agiin  Co^itivv  (^tH)(ooy  ^ai  omt 
oro^fiM.  «nd  ntf  mof«  to  c^iridMtt  today  to  tNi  doiign  of  laamrno  mit«r^t| 
rmn  It  M  oooMM  190*  Tr«  fC*#<Kt  <K3ucatton  afOQram  n#Mi  ac^Mttiiy  to 
diltcmira  «ti9tntr  tociH  •Mmfttt  tntf  iod«  ftcitf>c«  rmarcti  fti^if^gi  w  utittztti  in 
m  pvogwn  to  tna  dttt  acNantago. 

\rtat  4i  all  I  ^«v«  to  »»y#  but<»  In  additions  I  should  Uk<f  to  suAsalt  for  tht 
fitaring  record  •  thoughtful  summary  of  tht  recoawiendatlonf  of  tha  National 
Raaaarch  CouocU  report  CThe  Behavioral  and  Social  Sc1a«cei;    Achievement*  and 
OwNjrtunltlei")  as  uell  as  so«e  graphs  shouino  the  trends  in  support  for  the 
behavioral  and  social  sciences* 
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Impiementing  the  National  Academy  of  Sciences' 
Recommendations 

for 

Behavioral  and  Social  Science  Research 
at  the 

National  Science  Foundation 


Orgtmiz^iUntM  su^fUng  $he  itcammend^ns: 


ABfrk»ii  ABtkrofnte^  As9«riitkm  Ascrk«a  i^xmawic  As»jdtficm  AiscrkM  Edvc^toMl  Rnnrcft 

^f^?^^^?^  P*ydHilii«4ail  Swietj  AmtHnn  Ser»M|i«l  AmqcUttcm  As«rk«b  htm^stiad  Asocatiiaa 
A«iort»to»  af  ATOfkn  Gfo«r«|^  Associfttm  of  Asifrku  1^  Sd^ooh  Ceomr^m    Social  Sckncf 

Denk^^W  f^jcfcobMoii  Lisgui^  ScjcMy  of  AmnkB  >UUomI  ACMSmi  of  M wof»^Mt^ 
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IMPLEMErOWG  THE  NATIONAL  ACADEMY  OF  SCIENCES'  RECOMMENDATIONS 

for 

BEHAVIORAL  AND  SOCIAL  SCIENCE  RESEARCH 
at  the 

NATIONAL  SCIENCE  FOUNDATION 

«C^Wir«t  of  hchivicffii  and  socill 
^^S!^Z^^inmm^  work,  • 

pn^mnew  wide;  $60  iniUii*  mtm  «  *c  N«km«i  Scte^ 

A  imking  finding  of  the  rcp«t  U  •  distuibing  »d  ^  imbil««e  -  imted, .  '^J^J^'^' 

SiSr  Be^i^        FY  »7.  f suppon  for  bd»  «««  declmcd  by 

25*  in  consittt  doUars:  fwlml  »appon  for  ohcr  xrfencc  iaatwA  by  36%. 

Ksototes  proviited  »  make  critical  adviacei. 

«J  NSF  pJS«2J*  of  Ac  fWerl  suppon  for  p.ycholo|i»l  »>d 

!Sr^umvSs«rf.bo«t40%taU.tso<^  Chafes  tn  the  «n«  and  tevrl 

erf  NSF  support  wwWi  have  a  najor  effect  in  Acse  areas. 

VW«t  folk«»  s  is  « l»ief  ««W  of  ,«inK«U  i<^^ 
mem^f unut  .nvtstn^m  in  behavioral  and  »cial  scieoce;  m:o«-«nd«io«  fcr  NSF  f uning  fo,  ^ 

initijtives;  aiv  'he  justificatioo  for  tl»ie  invcsmienis. 
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In^^fdftuH  i^ivtrMl^tur  Hncun^li  -  The  mjjt»r  inc%.hantMn  fur r i ihjun jng  trviMtih  in  bchavimal  ml 
MKUi]  ^,  iciKC  -houlA  nwunxic     be  jitdivntu-i!  tnvCvnjsaUir  fxm\  a«n{x  t>ti\ely  av^^aiiir^ 

i/MiHwittj  rlftwiTvcncsx.  ncunwriicc.  hrhnvuR-irlianKT,  ifiidinf:  und  Uifigua^  avtjm&ifHis. 
•  I  snainK\  hum  \\us  irvcmh      appln.ahlr  kj  advantf  s  m  arofidul  iiUCUigcncc,  fighnnK 

fighliot?  AIDS.  pitrwninK  ti^  cnvmintj^m,  iUKl  mtwc  rffu-wni  approaches  to  iIhECTai:y. 

W       MWutl  ujui  hrhuvu^jl  Hitxxcs  np^rr,r  im^i  of  jhcir  fufidini?  fnim  the  NS^  I.)irt:<,i»wjir 
tor  BiuUjgaal.  IkhavumU.  axui  Sivul  S*;h:iwc?».  Bui,  whik  ihr  uiic  ot  ihc  <l*rtcior:itc  tm 
i>iirH  |)-iniv  4nKmK      tfwcc  mrus,  a    nm  budget  pway  In  FY  8  ?.  ihs:  budget  fc^r  twhMv. 
im^  ami  hvuI  /rH'»<uh  Ciiinbmcil  wms  yUwt  25a  of      %2m  nuWum  had^ci  for  binUij^Hii: 

■  Hcpp  rtjf  n  f lau^.  In  FY  Kf ),  ft  i NSF's  Rcwaft  h  and  HcUttvI  Acuvmc*  budgcl  wa^ 
jiUviiict'  !iu  t>etiavH>ji8l  aiid  si\idi  Ktc ftiC  nrfcitftb,  in  I  Y  V(},  ji  u  putp<ucd  to  be  mily  4  1*'^ 

H       drcirsNr  -SHiwhuh .  f^Y  8^  v^ill  pnivjOc  brhuvionii  svicmr  pt\ign*mA  with  tui 
mcrriJ^  of  ,^      over  |"Y        civ  a*  compared  Ui  mcrriOCi  jik  hi^b     7,9%  f(»r  iHhct  BBS 


n>cw  are  ntM  milaied  rwnipif  >  Th*^y  irlltvT  a  ctMijistrnl  \rcf\d  kmart!  prow*  lively  gieattf 
ih^panfy  bciHttn  bib8vu»T,i1  imi  ^vial  KiPfKC  an  *  .i!hrr;,rcus.  c\Tn  il^^uigh  lieha%)oiiii  ainl 
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Pn4QClQCil  SopiMNrt  •  An  cf  jn  muit  be  mftie  tu  annct  moic  nMcuvh'  oncninl  sfudems  &nio 

««  pn^im  in  itic  bch«vim«l  «k1  locial  sctenctt  ind  to  u$»gnde  ttic  «%cngc  kvtl  <»f  ftscwch 

fellowship!  and  Grftt^g  gnms. 

Propoiri  Atf^kmil  Nvcstnic^;  S9  miUk^  annuftlly 

S  The  nam  tcnoiti  pw^km  of  gridu^  iktwuuMU  m  rfic  bctmr-nml  ind  tocial  w^wuct  n 
iivxcASUig  diffkcylty    recniioi^      irt&ninK  tnk^itni  studtm, 

■  Befwa  1975  and  l^,feflOTai»qqi<m»>gmrt^ 

T«  dR9e«ic4  ntnifumly.  WKik  chis  wn  tnic  fen  jOI  fkJdt,  it«  drciinef  t»m  s)dc{k«  for 
the  bd»vkjf«l  nod  socul  Kk^KXi  -  ficMii  tt>ai  iMcir  mKh  matt  drpciH^i  on  fed^ 
pon  ^ftn  odxi  iciMCCf . 

•  An  vSdmoR^a  1.000  nonMenUy  funded  gn^ 


>Tan.  The  decbne  wu  nou^  in  tbe  moii  istominm  de|Mngiemi:  between  1975  ftod  1993 
the  uxii  mnnbcr  of  f uU  time  gn^wte  itudemi  nBcci%ni)g  tny  type  (rf  fedcnl  lURion  in  the 
u^qttmilrofbct'tviomlindiocalicieAoeidcpinmcmi  iaodscrtd^ 
ciKei  the  con^jtmWc  nmnbcf  increwd  by  15* 
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Po^docioral  SupfMMt    An  tnciraw  m  posuSiictivral  tuppon  in  ihc  bchavionil  ami  mkisI  sticmri 

should  be  divitka  aiming  new  ttiuntng  grants  lo  instiiutuMis,  imJividual  Ictl^nvwhips  ai  the  junuir 
k\T\,      fiKwr  utlv/iniTd  frDiiwship^  Thf  ob|Ccnvc  ts  lu  uiM  41R1  full  nmc  diiLtiFiU  k'^cl 
MnenuHi*  lo  ihc  ^^m^c^»  wi^rimg  at  ihc  funiiwif  of  brhavkmU  and  si'Kiul  h:icikc  f^imih 

l*nif»aM4  AddJfkmal  ln%^mnil  $5  mdhcm  annuaily 

duijrivc  Nrhavjfwul  uml  MviaJ  ¥^icnfisis  This  i?<  pmiculiriy  true  in  the  rapidly  advontmg 
imcrdi»C4pUnw>'  fjclUs  mk  H  a.s  tvgnirivc  m  i*^i;cr,  ficums%:tCfltT.  aging,  hnguaOcs,  ttmmiu 
nity  Mpdicji,  and  anifHciiU  micUigtncc  -  lUJ  of  whsh  rrqtiire  a  bchavwnU  licicucc  pcnpct: 
live 

■  !  m  ttic  5,8M)  new  beh^vK^l  and  wnal  icitmxs  PM>s  »n        tfnr  «w  a  mere  l,6U0 
{K>*id*Kfewal  ftsraah  ptTsitiws  ifipUowship*,  assocUiBshjp*)  and  entry  level  dr^xncd 
(mnmiiy  ii>  rtMrarch  mid  dcvekipment,  aboyt  27  t43rnmgs  per  100  OcKt^mitcs.  Thi%  ami 
fwrs  m  6<;  pfinie  nr^urch  openings  per  lOU  iicw  da,  lowies  in  the  Ufe  H^tmccft  and  59 
tificnings  per  HK)  m;w  tkK'nwaicji  in  the  physical  and  cngwccnn^  iinrmTS. 

W  Ne»v  rhDji  as  wtii  m  ihc»«  early  m  ihei*  coxvcvi  nrcd  to  have  access  lo  a  range  ol  p*isiafx 
urtxl  rrxcawh  upptmuatrics  Teaching  3£>ads  of  aittstani  |»i>tt?ii.m  m  the  behavioral  and 
s<K»j*l  nctencr^  upc  i>firn  heBvier  than  in  oriier  fkldi,  and  univemJicii  fit:%r4lly  do  mn  piT> 
vuic  rrseiirch  funds  m  f^ictliiicii  Uu  fat^ulry  m  it«5e  sciemrs  as  inunne!)  a^  they  arr  prtwrdcil 
fin  iHhcr  tield'j  (jenemliy  lower  «alar^s(  >ut  fmantial  prciisuie  <m  new  fatuity  to  supptemeni 
thrif  standard  V  nvmih  icavhing  base  pay  wi^  wminwr  teaching,  or  xtihcr  rmpbymrm  - 
mfnnRihg  m  uwc  ihai  co4*W  inMcad  be  devutcd  m  frscaah 
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Pages 


BEHAVIORAL  ANU  SOCIAL  SCIf^^Ck  EOUCATION 


ri^-mattt  mtA  Coifeie  Edscatta  -  A0  ioctm  in  ntp^KVt  -  for  ic         «nd  ctsncuU  dcvelop- 
and  «ict«r  liiiiiwg  for  socjw^^ 
c«Uy  mufidMwvmtaodfiocHaltckQaciitte  levels  wiU  gnaUy 

Mlvftfxx;  the  ausc  oC  »  ii^onnod  ciciic^. 

Vw^poma  AMittMa*  iavfslMil:  $4  miUion  muiUy 

■  Aitrnct »  uiHkt  t«gc    an  smiwfc  of  imjifewce  to  -lananii- 
science  public  scntiinent  This  reccm  upsiff:9e  is  l»  i  la*ii^  cweni  i  fimcikm  of  ihiw  mcemc- 
}ated  ffttWfS'.  s<^ncc  UUtcMcy,  •  failing  sc«mjc  nfeacatMjn  sywcm.  and  undents  tUwanng 
their  time  fo  oihef  aciiviiics, 

■  The  sjMd  with  which  K«imfic  idvaira  ^ 

evayday  knowledge  Bolscifaairic  low        Scirace  cducatkw  cffom  in  sc«oodiry 
scht30ls  TOd  cdtegcs  mc  inagtegutfHy  iH^miog  wudems  to  cripcil  tmt  wlytaal  ihintoog, 
u  vcU  M  wnh  too  namnv  »  view  of  fcieocc, 

■  BciMvk)c«landi»d«lsdcnc«diSci|riiBa 

ftcfovl  imctpirQmon  of  icicattfk  t^momcfts  and  iofoniMd  imerprewioo  of  cvcfyday  phc 
nomena.  TTica  inclufe  ctiiicai  ibinkii^  abo«  com^ 

hensiani>fpn^)&it»Uty.Bmllos)caitf»en>re  Unlike  scmces  such  si 

chctm^ffy,  biohi^,  seo^i^*  »d  asttoooniy.  ihc  bd»viciral  awl  wcial  scienoes  at  abte  » 
umvcy  dKsc  in^»fumprjid)))es  to  1  caiuna  npcdaUy  meamngfiiJ  at  the  level  of  everyday 


■  BchavitHai  ami  social  «ci<awdiKi|Hifl»  ait  lUoiniT^^  They 
maw  WOK  studcno  fel«ivc  »  other  discipiifics,  but  oppcmunitjct  10  tai^  pit«Hk^  coiaics 
in  the  behavioral  awl  social  sscncca  arc  not  iwarty  as  ^wvaJem  as  oppwtuniiRrs  » ta'  e  pre- 
coltege  courses  m  mlier  discipUnca. 

■  The  i^-colkgc  behavioral  and  swcial  socnce  coufics  thai  ape  offcitd  do     cn^jhasiw  sci- 
tmfic  methods  of  inquio'^  the  thco<ci«:al  foowlaiicms  of  kwwlcdge.  ikw  do  they  provide 
bask  teaiooj  in  itscaich  tnethocia.  Changing  the»c  courts  would  coiiAas  the  ami'ictence 
Omd  by  cnpowng  a  signifky Jti  portKn  irf  dK  American  {Wimlatkjn  to  »y«etn»iic  im^uiry  and 
txi^anauon  in  Ihc  bcJavionU  and  social  realm.  Ijnoiin^  ibis  t^iportimity  means  losing  these 
students,  bs  many  will  not  be  a^>oscd  to  scicnnfic  courses  in  oih^  disciplines. 


experience. 
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Hc^ve^nU  iru]  Social  JkifiKc 


t: :c:iw()lcm;u  AL  ami  tymm  ri  sui  rcks 


Acct'^  to  itte  Tools  oT  R^>M^n:h    ( jjmpuUT.s  aaU  mhet  Uboiatoo'  cii'iipnjcru  cjec  an  integtul  luin 
rriip<i>4Hf  VdtJilit  nut  {fivi>tment  Jil  unlluu  annu;iiiy 

JtKtlfKHlioll 

■  Htt.iuNr  nf si;!nt.viu,H}  crnsion  m  ihf  supper:  n>r  cquipmrnt  m  ihc  Uy.  xkvisdt,  their  is  u 

S  I  .jtanjplfN  <.\l  cqjapnicul  iiwiuite:  iicunjinwging  and  t«hcr  flccltonu  Jcviccs  U)  («CuiU  hram 
.icuviiy  dunng  cogmnve,  loj^gu,.^^,  cmmwn  aral  oKnjvaucm,  nuw.  or  pcrccpiuul  t4>Ms; 
♦iiiUif^  dcvues  tcff  pirsmung  WMjfKh  in  ^rudics  ^^hfiiring  and  artaficul  spcn'h  rwTgnifum: 
paralUl  pnKTSMUg  cumpuots  uiteigii  iUirmaavf  5ys:cm$  fm  raiUUirv.  cciinomic,  and 
St  vial  needs  inun  arui  nticm  cnmpulcn  Aiid  uillwanr  Iks-  ctTniputcr  gntphic^.  cxpcjimcm 
i         t;iH  Uuujns.  »Uti4  ^rnJ  anff lysis  lit  s.ut:n  .irt'av  si&  himnt^  )c.tm;rig  nifd  mcra 


Skills  Fnhamt'nnml  'AdvkiH^  TraUdng    Inu-nvivc  ^hjin  dufainin  ,iavajHca^  iram;n^>  msni.i?cs 
v.i?iuJ  hcip  mjra  ucw  fjirihutis  uianhr  n'st^uih  ummmiuu.  uc\ejop  uv'V  .  as  tit  »csr.yLh, 
iiuicavt  the  puhlwtnn^  ut  rr.svilh.  mm\  ^unii  lescaitbcts  m  ilivrrsc  nip;c»ii  .i  r.w  up  l^rd^tr  uhuul 
ibtxr  own  ar  ch)>r!y  t tilled  icvofcn  jrras 

rr(>|><»^d  A(f<li^ifi{ml  Iniv'Shmint:  $4  nuiima  .I'^n  /  Hy 

Justifkaliun- 

■  Hc*.uu«;  of  V  haugcs  w  rhc  uxntc  vf  fundnig.  ihrst  hCEJs'itics  lir^dy  hc^  c  iKcn  dtscin'tinuvd 
Nnw»  s}iC4*ujl  resfiaa'h  lui^dv  afv  im,>  hm^xr  av.ukl.lc  u*  (nsi,{uf'MmN  i:tf  \h\\  {j\k  i>f  p. .grain, 

ji,4U?r  ptl>p<>^^ix  Rcvio^  panels  fa:cl>  cvrij  4.t»nmdtrf  lun^ii-^^i  such  riiititng  pn^i^jranu  m.M.i 

o!  tfinttv.ihosiy  \{j  sUhsius,  nH iiMffctm Hi,  HtjUug  Ui  i\  w\dcr  hf\iv  t'l  it;.',can:tirrs  dcvcl 
oiMK*!!?  t^t  f!rh^raptut,  (nl-?i:natii'n  sj)eL::^l!\Js;  a.sJ  cncourugcu^m  '>!  thciKciii^il  luik«gct» 
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NsMulGaiiiaad  t'^gt  7 


TECHNOLOGICAL  ANDOTIOit  RESOLUCES  (umiinucd) 


An  inexpensive  and Qcmihte  q^»ru8ch  f»  lo  bring  itscAXchcn  together  for  shosi  durationf  (I  'o  6 
weeks)  on  a  pcnoUk  i»si». 

IVopcMCtf  Aittfttkiiiil  Invcstimm:  S4  mulUofi  aimuaUy 

JMtttiflcNifltl: 

■  BcxauK  bch4vioral  vtd  socuU  scieno;  reseiax:h  is  ch«iBCt«TU^  by  def:cnitaUiaQ<^  boui 
wiihin  universiijes  aral  gco^phicaliy  4Ciw»  rfie  ooimny,  it  w  diftkuli  to  achkve  a  localized 
imelkcttMi  cntioU  mass  even  within  •cadensc  dtpftftmtnu  because  oi  typtcally  smiU 
numhm  of  faculty  pnsaM  wifh  expertise  in  any  py^n  ijpcciahy . 

■I  Gnmts  fcK*  dti]^  lype  of  utivity  have  bccji  draiticaUy  nsduced  in  wccnx  yean,  and  when  pn?^ 
po$al  budgeis  are  MTTuumxed,  travel  costi  are  genmliy  Utt  fi/si  ifon  to  be  nit 
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S02 

Mr-  WALGRfiN.  Thank  you.  Dr.  Simon.  Wc  appreciate  that  testi- 
mony. 

We  will  go  on  to  the  others  and  then  come  back  for  some  disciit*- 
sion. 
Mr.  Schultze? 

STATEMENT  OF  CHARLES  L.  SCHULTZE,  DIRECTOR.  ECONOMIC 
STUDIES  PROGRAM,  BROOKINGS  INSTITUTION 

Mr.  ScHULTZE.  Thank  you,  Mr.  Chairman  and  members  of  the 
subcommittee.  Thanks  for  asking  me  to  testify. 

As  an  economist,  I  naturally  emphasize  what  I  know  at  least  a 
little  bit  about,  economic  r^earch. 

If  you  turn  to  page  3  of  my  t€«timony — and  I  presume  the  testi- 
mony  itself  will  go  in  the  record  and  I  will  summarize — you  will 
note  some  numbers  that  simply  underline  in  a  different  way  what 
Professor  Simon  has  just  said. 

Despite  budget  stringency,  from  1980  to  1988,  the  NSF  budget  in 
total,  adjusted  for  inflation,  went  up  by  20  percent  The  budget  for 
its  Division  of  Social  and  Economic  Science  went  down  by  34  per- 
cent. 

A  decision  has  been  made  in  the  Nation— I  think  quite  rightly— 
to  reemphasize  support  for  NSF,  to  push  it  up  even  faster,  and  the 
total  NSF  budget  in  the  last  several  years,  including  the  1990 
Reagan  request,  went  up  by  16  percent;  the  scx?ial  and  economic  sci- 
ence budget,  by  5  percent. 

Now,  the  potential  contribution  of  economic  and  social  research 
to  national  well-being  generally,  and  to  policymakers  specifically, 
may  indeed  have  been  overstated  in  the  196(te  and  1970s,  But  there 
is  no  warrant  for  the  current  treatment  of  such  research  as  reflect- 
ed in  the  NSF  budget. 

My  testimony  gives  a  number  of  sixscific  historical  examples  of 
ways  in  which  economic  research  has  improved  our  understanding 
of  how  the  economy  works  and,  through  that  understanding,  has 
contributed,  I  think,  to  better  economic  policy.  It  also  suggests 
some  areas  where  further  research,  coupled  with  improved  data 
collection,  has  a  good  promise  of  improving  both  understanding 
and  policy. 

In  my  oral  summary,  all  I  can  do  is  highlight  just  a  few  of  those 
examples.  I^et  me  start  with  a  general  proposition.  Economic  re- 
search, alone  or  in  combination  with  other  disciplines,  can  some- 
times  make  a  direct  contribution  to  public  policy  by  helping  to 
design  prc^rams  and  evaluating  their  results.  But  mainly  the  re- 
sults of  eronomic  research  are  valuable  to  society  in  an  indirect 
way,  to  the  extent  that  basic  rraearch  provides  greater  insights 
into  how  our  economy  or  s^ments  of  it  operate  and  how  fainiues, 
workers,  or  busing  firms  react  to  various  kinds  of  economic  stim- 
uli* 

Most  succrasful  rc^iearch  is  of  the  tyne  that  adds  its  increment  to 
our  understanding  about  economic  behavior  or  corrects  some 
vridely  pen^ived  misperceptions*  There  are  few  great  discoveries  or 
startling  new  inventions  waiting  in  the  wings,  and  I  am  not  going 
to  be  able  to  give  you  any.  And,  indeed,  you  should,  at  least  initial- 
ly, be  awfully  skeptical  when  they  are  claimed.  The  gradual  and 
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persffitent  accumulation  of  useful  knowledge  is  what  we  should 
expect  from  economic  and  social  research. 

Let  me  give  you  a  few  examples,  if  I  might  One  of  the  unappre- 
ciated facts  about  the  American  economy  over  the  past  40  years  is 
Its  far  greater  stability  in  terms  of  output,  income,  and  empljy- 
ment,  in  comparison  not  only  with  the  Greet  Depression  but  to  the 
entire  prior  history  of  the  country. 

And  so,  on  one  standard  measure  of  stability— the  degree  to 
which  national  output  fluctuates  around  its  long-term  trend— the 
period  since  the  Second  World  War  has  been  more  than  twice  as 
stable  as  the  years  between  1870  and  1914.  Since  World  War  H, 
there  have  been  no  annual  declines  in  GNP  as  large  as  2.5  percent 
to  the  70-year  period  to  then,  there  were  six  declines  larger  than 
2.5percent 

•nie  m^or  credit  for  that  difference  arises  from  a  much  greater 
understanding  among  poliCTmakers  in  the  Executive  Branch,  the 
Congress,  and  the  Federal  Reserve,  and  among  the  public  general- 
ly, about  how  monetaiy  and  fiscal  policy  ought  to  behave  when  the 
economy  is  threatened  by  recession.  And  that  improved  undei^ 
striding  was  grounded  on  years  of  economic  research. 

We  no  longer  tiy  to  raise  taxes  or  cut  government  spending  in 
reckons.  And  while  Federal  R^rve  policy  has  been  far  from 
perfect,  monetary  instability  in  the  postwar  world  has  not  played 
tiie  m^r  role  it  did  in  bringing  on  and  worsening  recession  and 
depressions  and  exacerbating  booms  in  the  years  between  the  Qvil 
War  and  World  War  H. 

Moreover,  over  the  past  40  years,  spurred  by  demands  of  re- 
searchers and  the  results  of  research  on  economic  stability,  the 
quantity,  quality,  and  timeliness  of  the  data  which  economic  policy- 
makera  have  at  their  disposal  and  the  methods  of  analysis  they 
have  available  to  judge  the  current  state  of  the  economy,  while  far 
from  perfect,  have  steadily  improved. 

I^t  me  turn  to  another  area,  technology,  R&D,  and  American 
productivity.  Research  by  eomomists  over  the  past  three  decades 
has,  I  think,  greatly  contributed  to  our  understanding  of  the  import 
tance  of  technol»»gical  advances  and  of  industrial  R&D  to  the 
^^'^T^. American  productivity.  Economic  research  in  the  1970s 
and  ivws,  for  example,  documented  with  increasing  certainty  the 
fact  that  business  firms  tend  to  earn,  on  average,  a  much  hwher 
return  on  their  iT&D  than  they  do  on  other  investments— 25  per- 
cent versus  10  to  12  percent  on  the  average  for  other  investments. 

Because  the  knowledge  from  successful  R&D  tends  to  dissemi- 
nate qmckly  throughout  the  economy,  it  provides  benefits  to  socie- 
ty oyer  and  ^jove  those  reflected  in  higher  profits  and  wages  in  the 
originating  firm.  And  so  a  number  of  economic  rese&r^  studies 
have  ronvincingly  found  that  society  gets,  on  average,  an  amazing- 
^  high  rate  of  retom— in  the  neighborhood  of  50  percent— on  the 
R&D  canied  on  by  An^rican  businesB,  again,  on  the  avex^ige. 

Because  individual  R&D  projects,  however  successful,  on  average 
are  quite  risky  for  the  firms  that  undertake  them,  the  unaided  pri- 
vate market  »y8tem  tends  to  undertake  too  little  R&D.  And  partly 
as  a  result  of  these  economic  research  findings,  the  VS.  tax  code 
now  provides  a  tax  credit  for  private  R&D,  and  there  appears  to  be 
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wide  support  for  making  this  credit  a  permanent  part  of  the  tax 
^^stem. 

Indeed,  rame  very  recent  economic  r^earch  has  suggested  ways 
of  rewriting  the  conditions  under  which  the  credit  is  granted  to 
make  it  more  effective,  to  get  more  "R&D  bang"  for  the  tax  buck.  I 
understand  that  legislation  has  been  introducwl  to  accomplish  that 
purpose. 

Let  me  tuku  to  a  quite  different  subject,  the  nature  and  structure 
of  welfare  dependenQr,  unemployment,  and  employee-empluyer  re- 
lationships* The  NSF  and  oUier  government  agencies  have  been 
supporting  a  good  bit  of  research  on  improving  the  statistical  tech- 
niques that  enable  social  scientists  to  analyze  the  data  on  welfare 
and  unemployment,  and  also  employment. 

Let  me  cite  just  one  example  of  the  findings  of  this  kind  of  re- 
search which  I  think  fits  into  your  comment,  Mr.  Chairman,  about 
the  comment  about  the  chairman  of  General  Motors, 

On  a  superficial  look,  the  job  tenure  of  American  workers  is 
rather  short.  In  a  working  lifetime,  the  average  worker  will  have 
held  ten  jobs.  But  more  careful  research  with  better  data  and  sta- 
tistical techniques  has  shown  that  this  is  misleading.  Young  work- 
ers move  around  a  lot  but  eventually  settle  into  long-term  jobs. 
Thus,  several  studies  have  found  that  half  of  all  the  work  done  in 
America  is  performed  in  jote  where  the  job  tenure  is  15  years  or 
longer,  and  if  we  confine  our  oteervations  to  adult  male  workers,  it 
is  25  years  or  longer — half  the  work  in  America  is  done  on  jobs  of 
that  kind  of  tenure. 

Among  other  implications  of  this  research,  the  fact  emerges  that 
for  the  majority  of  firms  and  workers,  lon^  continuity  of  associa- 
tion and  rt^lationshipa  of  trust  between  j^rticular  firmh  and  par^ 
ticular  workers  is  a  m^or  aspect  of  our  industry  and  an  important 
contributor  to  productivity.  It  needs  to  be  nurtured  and  improved. 
In  that  respect,  the  United  Stat€?s  is  different  only  in  degree,  not  in 
kind,  from  the  Japanese. 

Let  me  turn  almost  at  random  to  several  other  examples.  Going 
back  to  productivity  and  looking  ahead  rather  than  backwards  and 
talking  about  some  research  efforts  in  this  area,  starting  in  the 
early  1970s,  the  pace  of  American  productivity  growth  slowed  sub- 
stantially from  about  2.5  percent  to  about  1  percent  a  year.  With 
productivity  growth  falling  so  sharply,  the  growth  in  American 
family  incomes,  real  wages,  and  living  standards  necet^rily  also 
slowed  to  a  crawl. 

Careful  economic  research  has  done  much  to  debunk  a  number  of 

g>pular  but  fallacious  explanations  for  that  productivity  slow  lown, 
ut  its  principal  causes,  unfortunately,  still  remain  a  mystery 
Economic  research  is  now  shifting  from  an  examination  of  broad 
and  macroeconomic  causes  to  more  detailed  studies  of  the  nuts  and 
bolts,  the  microeconomic  determinants  of  productivity  growth  at 
the  firm  and  industry  level.  Some  promising  suggestions  and  leads 
are  bein|  explored,  whose  pursuit  may  ultimately  provide  useful 
information  both  fbr  busing  managers  and  public  ix>licymakers. 

Let  me  just  tick  off  a  few,  again  almost  at  random:  R^arch  is 
being  conducted  to  determine  what  we  can  learn  from  specific  ex- 
amples about  the  relationship  between  productivity  in  the  work- 
pla^,  on  the  one  hand^  and  the  way  in  wnich  workers  are  compen- 
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sated,  on  the  other— regular  wages,  bonuses,  profit^haring,  ESOPs, 
and  the  like. 

Recent  res^irch  has  shown  that  plants  of  some  multi-national 
omnpames  often  have  high  productivity  performance  regardless  of 
y*»ch  corntry  they  are  located  in.  Japanese  auto  companies  in  the 
United  States  are  gpod  examples,  but  they  are  not  the  only  ones. 
These  research  findings  suggest  that  the  quality  of  management  is 
a^VMj  critical  factor  in  determining  the  pace  of  productivity 

Some  ^earchers  have  come  to  the  conclusion  that  American 
firms  suffer  because,  on  average,  they  do  not  know  how  to  borrow 
or  to  mutate  successful  technological  advances  made  in  other  coun- 
UysB.  For  three  defies  afler  the  Second  World  War,  the  United 
States  wasthe  world  s  technological  leader,  and  most  new  technolo- 
p  came  from  here.  Now  the  source  of  new  technological  advances 
IS  much  more  diffuse  throughout  the  world,  but  American  firms 
have  not  changed  their  attitudes  and  have  not  become  adept  at 
cnpying  from  other  omntries. 

Tlius,  in  Japan,  technological  journals  and  research  results  from 
other  countries  are  widely  available  in  translation.  But  despite 
Japanese  t^hnological  success,  there  is  apparently  little  effort  in 
the  Umted  States  to  translate  or  otherwise  take  advantage  of  Japa- 
nese research  in  technical  journals.  We  need  to  learn  how  to 
borrow  more. 

Finally,  but  in  a  related  vein,  through  research  studies  about  the 
miture  of  R&D  (»rried  on  by  business  firms,  we  know  that  the 
United  States  has  concentrated  on  developing  new  products,  while 
Japan  has  oincentrated  on  producing  new  products  more  cheaply. 
(Me  study  found  that  commenial  R&D  in  the  United  States  is  allo- 
cated about  two-thirds  to  new  products  and  one-thini  to  unproving 
producti    processes.  In  Japan,  the  proportions  are  reversed. 

Thu^  the  United  States  leads  the  world  in  developing  new  spe- 
cialized semiconductors,  while  the  Japanese  concentrate  on  ways  to 
mass-produce  semiconductors  cheaply  and  hence  are  steadily  in- 
creasing their  market  share  in  the  semiconductor  industry. 

My  only  reason  for  inflicting  on  you  all  this  highly  selective  reci- 
tation IS  to  make  the  point  that  some  very  specific  research  has 
been  getting  under  way  which  is  not  the  traditional  examination  of 
the  broad  macrodeterminants  of  productivity  but  deals  with  what  I 
said  was  the  nuts  and  bolts  and  detailed  underpinning  of  compara- 
tiye  productivity  performance.  A  many-fold  intensification  of  this 
kmd  of  rettarch  is  warranted. 

To  be  slighUy  fanciful,  if,  as  a  result  of  such  r^eareh,  the  rate  of 
American  productivity  growth  could  ultimately  be  improved  by 
only  one-tenth  of  1  percent  a  year  for  5  years— one-tenth  of  1  per- 
cent for  5  years—the  annual  addition  to  our  national  income  and 
outout  would  pay  for  the  entire  NSF  budget  15  times  over. 

Mr.  Chairman,  I  have  only  kind  of  picked  and,  at  random,  tried 
topve  you  some  ^nse  of  the  kinds  of  things  that  ultimately  can  be 
useful  to  society  if  we  learn  better  not  so  much  magic  answers  to 
anythmg,  but  how  our  economy  behaves  and  how  individuals  and 
firms  respond  to  economic  stimuli. 

I  think  it  is  terribly  worthwhile.  It  does  not  generate  anything 
immediately  and  quickly,  and  very  often  you  cannot  ever  find  it 
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except  with  a  lot  of  research  at  the  end  because  it  works  its  way 
into  the  very  fabric  of  our  understanding  of  our  economy.  But  I 
Uunk  it  is  worthwiiile. 

T^ank  you,  Mr.  Chairman. 

(The  prepared  statement  of  Mr.  Schultze  follows:] 
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Statement 
of 

Charlrs  L.  Schultte* 
Brookings  ftistitutlon 

before  the 


Subc««n.itte.  on  science.  Technology 
Committee  on  Science.  Sp.ce.  .„d  technology 
tf.  S.  House  of  RepreBent.tivBS 

«»rch  !<,,  1989 

«r.  Chalnwin  and  Members  of  the  Subcon«,lttee: 

Thank  you  for  .sklng  „e  to  testify  .^e  Importance  of 

b.h..lor.l         .O.U1  .clence  re.e.rch  .n.  .„pp„.,  ^.^^^^^^ 
the  K.tlon.l  science  .ou„.«lon.  ,  ^^^^^^^^ 

vh.t  I  know  at  le.st  something  .bout       economic  research. 

this  hearing  had  been  heia  twenty  ye.r.  .go.  the  environment 
-1.  have  been  one  of  ,..t  ,„pp.„  ^^^^^^^^^^  ^^^^^ 

payoff  fro«  economic  and  social  re.e.rch.    At  the  overall,  or 

Brooking:  Jn^U^^Ln'f ^^^JrvJll^r^S^Ti^^'"'*^"  '"^'^  - 
author  and  do  not  necessarlir^preLt  tw  ""^'^^  «f 

o^icers  or  other  staff  -.be^I^^-jr Bj^Jklnl^t.-tlfut'L-n"""""" 
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Biftcrf economic  Uvel,  the  U.S.  eroncmy  had  then  JuBt  come  through  almost 
eight  yedru  of  uniiatrtruptod  econcmic  expansion  yud  thi*  press  had  giv(m 
the  President economic  Advisers  en  ioiportant  (and  perhaps  unde8ervi?d) 
sham  of  the  cr*»dit.     In  matti-rs  of  social  policy  it  vas  widely  helii-v^d 
that  iconojTiir  and  social  resifarch  could  provide  specific  answere  about 
how  tp  design  I'tfitient  and  etfective  governmi^nt  programs  that  vould 
Kharply  amflunatt?  {.uch  social  ilU  nn  poverty,  poor  housing,  stiucturnl 
unemploymi^nl,  and  inequnllty  of  educational  opportunities. 

Veil,  as  we  oil  kmiw,  that  optimism  about  the  ability  of 
profet^eional  advice,  backed  by  economic  research,  to  give  us 
unlnteiripttd  profipi-iity  at^d  to  find  solution*  to  a  host  of  spec  if  it: 
Bocial  ilH  was  fflr  overdtme.    The  economy  in  the  19708  and  early  1980fi 
went  through  a  time  ol  serious  trouble,  vith  thret^  snajor  roceenions,  two 
serious  touts  of  inflation,  and  an  upward  drift  in  unesiployment ,  And 
our  Koclfil  problf^ms  tutned  out  to  be  far  more  atubbom  end  Ic^^s  amenable 
ro  govetnxnental  actions  than  earlier  believed.    Not  surprisingly,  in 
reaction  to  the  earlier  excessive  optimism,  the  pendulusn  swung  to  thf 
other  extrtiAW.    The  reputation  of  economistii  and  the  credibility  of 
economir  advict  tocik  a  steep  fall,  aad  the  very  real  tontribut lonr.  that 
evmumic  research  could  in  fact  saaVr  toward  managlnf;  the  econon^y  and 
helping  pollcyu^kerB  deal  with  specific  economic  and  social  problejns 
became  significantly  undervalued. 

One  conbcquence  of  this  general  attitude  showed  up  in  the 
allocation  for  economic  and  social  research  in  the  budget  of  the 
Kationsl  btience  Foundatiuu.     Th^  i*ble  birlov  cuc^suirises  the  chant^'R  in 
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th«  overall  budget  for  KSF.  «n4  In  the  tiny  portion  Ci-1/2  percent)  of 
thmt  ^mdget  which  goes  to  its  Divieion  of  Social  and  Econwic  Science, 

Chan&e  in  Inf lation«'Adiusted  Budget  Authority  for  KSF 
and  its  Divieion  of  Social  and  Economic" Science 

(per 

1980 

to 
1968 

KSF,  Total  ♦ZO 
S.E.S.  Divieion 

XJespite  the  large  budget  deficits,  the  budget  itringency  and  mare 
recently  the  pressure  for  austerity  exerted  by  the  Craro-Rudaan  law.  the 
overall  HSF  budget,  after  adjustnssnt  for  Inflation,  managed  to  grow  over 
the  past  eight  years,  albeit  quite  sodestly       by  vcsne  2-1/*  percent  a 
year  or  19  percent  altcgether.    But  the  inflation-adjusted  budget  for 
social  and  economic  science  fell  precipitously,  by  34  percent  over  those 
same  years.    More  recently,  in  response  to  the  belated  recognition  that 
a  large  Increase  in  federal  support  for  nondefense  RSD  was  called  for, 
given  America's  problemi  with  low  productivity  growth  and  isipaired 
cwapetitiveness,  the  budgets  for  KSF  have  been  stepped  up  sharply.  But 
social  and  economic  science  shared  virtually  none  of  this  increase  for 
1989,  and  comes  in  for  only  a  snuJl  increase  in  the  1990  request. 

While  X  agree  that  the  potential  contribution  of  econojulc  and 
social  research  to  natic  ?l  well-being  generally,  and  to  policymakers 
specifically,  may  have  been  overstated  twenty  years  ago,  there  is  no 


ent  change) 


X9Sa  1989 

to  to 

1^«9  1990  (requests 
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varrL.tt  for  th€  current  treatiaent  of  such  research,  as  reflected  in  the 
HSF  budget •     In  the  remainder  of  thi«  testimony  I  want  to  try  to 
demons tr.'^te.  by  way  of  a  fev  specific  historical  exaznplest  that  pasi: 
econc»aic  research  has  in  fact  improved  our  understanding  of  how  the 
economy  works,  anU  through  that  understanding  hati  contriluted  to  better 
economic  policy.    Then  I  would  like  to  suggest  some  areas  where  further 
research,  coupled  with  improved  data  collection  has  a  good  promise  of 
improving  both  understanding  and  policy. 

First,  a  general  proposition.    Economic  research,  alon«>  or  in 
combination  with  other  disciplines,  can  sometimes  make  a  direct 
contribution  to  public  policy  by  helping  to  design  programs  and 
evaluating  their  results.    But  mainly,  the  results  of  economic  research 
are  valuable  to  society  in  an  indirect  way,  to  the  extent  they  provide 
greater  insights  into  how  our  e  :ononiy  or  segments  of  it  operate  and  how 
f ami' Its,  workers,  or  business  firms  react  to  various  economic  stimuli- 
Most  successful  economic  research  is  of  the  type  that,  adds  its  increment 
to  our  understanding  about  economic  behavior  or  corrects  some  wid^'ly 
percoived  misperrept ions .     There  are  few  great  discoveries  or  startling 
•new  inventions,*'  waiting  in  the  wings,  and  indeed  we  shimld.  at  least 
initially,  he  skeptical  of  when  they  are  claimed-    The  gradual  and 
pti  sistent  at  cumulation  of  useful  knowledgr*  is  what  we  should  expect 
from  economic  and  social  research, 

Thp  lecent  Pe;^ort  of  the  National  Research  Council,  The  Rphnvioral 
an    S  oc  i  1  S  i  ti>  n  cesj_  Acuievemfnt  s  and  Oppo  rt  un  i_t  i  es ,  r  on  tains  an 
extensive  review  of  the  major  directions  that  economic  research  has  been 
taking  in  reL:ent  years.    And  I  have  benefitted  greatly  from  it  in 
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preparing  the  testimony.    But  I  know  of  no  way  to  sumarice  briefly  for 
you  tte  past  and  potential  future  contributiwia  of  economic  retearch  and 
analysis.    Vhat  I  can  do  that  aay  be  useful  is  to  provide  specific 
examples  In  two  categories:     (1)  sosm  iaportant  historical  contributions 
that  economic  research  has  made  to  the  formulation  of  public  policy?  and 
(25  several  ongoing  research  efforts  irtiirh.  especially  if  intensified, 
have  «o«f»  possibility  of  providing  a  better  understanding  of  how  our 
economy  works,  and  in  that  way,  of  is^roving  public  policy.    Given  the 
limitations  of  both  time  and  my  own  knowledge,  I  u^ve  been  highly 
selective,  and  have  necessarily  had  to  neglect  vast  areaa  of  economic 
research.    Please  do  not  tnke  toy  list  of  exao^iles  as  comprehensive  or 
fully  representative « 

Sotne  Historical  Examples 

Economic  Stability.    One  of  the  unappreciated  facts  about  the 
American  ecoawny  over  the  past  forty  years  is  its  far  greater  stability 
in  terms  of  output.  incc«e.  and  employment  in  ccHsparison  not  only  to  the 
Great  Depression  but  to  the  entire  prior  history  of  the  country.  Thus, 
on  one  standard  measure  of  etability       the  degree  to  which  national 
output  fluctuated  around  its  long-term  trend  —  the  period  since  the 
Second  world  War  has  been  swre  than  twice  aa  stable  as  the  years  between 
X870  and  1916.^    In  those  early  years  the  American  econwny  tpent 


Swiie  recent  work  by  a  young  economic  historian  argues  that  the  w 
in  which  we  have  reconstructed  nineteenth  century  data  exaggerates 
the  economic  volatility  of  the  tiroi  GliF  diU  fluctuate  more  than  it 
has  recently,  but  the  difference  la  smaller  than  hitherto  reported 
My  reading  of  the  subsequent  controversy  is  that  the  reconstructed 
data  do  tell  essentially  the  right  mesaagei  the  nineteenth  century 
American  econway  waa  a  good  bit  more  volatile  than  the  econcmy  has 
been  sIrcs  World  War  II.  ^ 
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55  percent  of  the  time  expanding  and       percent  declining.     In  the 
perioi  since  World  Var  II,  on  the  other  hanU.  the  ratio  of  tiae  spent  in 
expansion  to  time  in  decline  was  4  to  I,     Since  World  War  II  there  have 
been  i:-^  annual  di><  lines  in  Cl^r  as  large  as  2^1/2  pei^^ent.     In  the  70 
years  prior  tc  then,  there  were  six  declines  la.gcr  than  2-1/2  percent. 

The  major  credit  for  that  difiereuce  in  behavior  arises  from  a  inuch 
greater  understanding  amnn^  poXir}?inakers  in  the  £xecutive  Branch,  the 
Congress,  and  the  Federal  Reserve,  and  among  thf?  public  generally  about 
how  monetary  and  fiscal  polity  cup,ht  to  behave  when  th«  economy  U 
threatened  by  reression,    A.id  that  in^proved  uridt't  5t  anding  vas  p,ronnd*'d 
on  yesis  of  economic  research,     Ve  r»o  longin  try  to  laise  taxes  or  rut 
government  spending  in  recession.    And      ile  Federal  Reserve  poliry  has 
been  far  froni  perfect,  monetary  instability  has  not  played  the  majdr 
role  it.  did  in  bringing  on  and  wcrsening  recessions  and  depressions  and 
exacerbating  buoa»s  in  the  ye;*is  between  the  Civil  Vsur  and  World  War  IT, 
K'-ireciver,  over  the  p^u.t  forty  years,  spurred  by  the  dcKunds  ut 
researchers  find  the  result  f:  of  research  on  economic  si  ability,  the 
quantity,  quality,  and  timeliness  of  the  data  whirh  econoroic 
poliryn.aluis  have  at  tl;t*ir  dispo^^al,  and  the  znethudb  ol  au.iiysis  they 
have  avail.ibie  to  ^ni^i*  the  rurrent  state  of  the  ecciiomy.  vhile  far  fro'i^ 
infallible,  have  steadily  irr.proved.     A  pie(e  of  evMence  for  thi^ 
improvement  hp  a  ?M»en  the  ability  of  the  Federal  Rest^rve  to  heijj  ketp  tht^ 
IKf..  econyr.y  on        ev»  n  k^  el  fm  the  pat :  sir  y»?axR,  despite 
imptecedented  budget  and  trade  d-ficits,  hur/"  swings  in  exchange  rates, 
and  a  stock  market  ciar.h  second  only  to  the  Great  Depression. 
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Technology.  R&D,  and  Americftit  Proc^  ctivitv.    Research  by  economists 
over  the  past  three  decades  has  greatly  contxibated  to  our  understanding 
of  the  iso^ortance  of  technological  advanret  to  the  growth  of  American 
productivity-    The  work  of  Nobel  Pri»e  winner  Robert  Solow  in  X957, 
followed  by  the  research  of  Edward  Denlson  and  others  in  the  X960q  and 
1970s  revolutionized  the  then  current  thinking  about  the  underlying 
sources  of  economic  growth,  and  in  particular  stressed  the  very  large 
and  critical  role  payed  by  technological  advance.    Later  work  in  the 
19705  and  1980s  documented,  with  increasing  certainty  the  fact  that 
business  firms  tend  to  earn  on  average,  a  much  higher  return  on  their 
RiD  than  they  do  on  other  investments  (25  percent  vs,  10-12  percent) < 
Because  the  knowledge  f rcjsa  successful  BfcD  tends  to  disseminate  quickly 
throughout  the  econc^,  it  provides  benefits  to  society  over  and  above 
those  reflected  in  higher  profits  and  wages  in  the  originating  firWc 
Thus,  a  number  of  econoaiic  research  studies  have  convincingly  found  that 
society  gets,  on  average,  an  axaatingly  high  rate  of  return,  in  the 
neighborhood  of  50  percent,  on  the  WD  carried  on  by  Arorican  business. 
Because  individual  R&D  projects  are  quite  risky  for  the  firms  that 
undertake  them,  however,  the  unaided  private  srnrket  systea  tends  to 
undertake  too  little  R5,D,    Partly  as  a  res  ^It  of  these  research 
findings,  the  U.S,  tax  code  now  provides  a  tax  credxt  for  private  RiD, 
and  there  appears  to  be  wide  support  for  making  this  credit  a  permanent 
part  of  the  tax  system.     Indeed,  ntsme  very  recent  economic  research  has 
suggested  ways  of  rewriting  the  conditions  under  which  the  credit  is 
granted  to  make  it  more  effective       to  get  more  'R&D*  bang  for  the  tax 
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buck'  —  and  I  understand  that  legislation  ha:;  been  introduced  to 
accomplish  that  purpose. 

The  N^iture  and  Structure  of  Welfare  Dependency.  Unemployment,  and 
Employment 

The  NSF  and  other  goTenunent  agencies  have  recently  been  supporting 
a  good  bit  of  research  on  improving  the  statistical  techniques  that 
enable  social  scientists  to  analyse  the  data  on  velf&re  and 
uneiaploympnt t  particularly  as  it  relates  to  the  flow  of  people  into  and 
out  of  welfare  and  unemployment  status,  and  the  duration  of  their  stay 
on  the  rolls. 

Before  1980,  social  scientists  and  policyisakers  disagreed  about  the 
nature  of  welfare  dependency  in  the  United  States.    Some  policymakers 
and  econcHalstb  claiiaed  that  welfare  dependency  vas  typically  quite 
brief «    According  to  this  view,  single  mothers  with  children  received 
welfare  benefits  for  relatively  short  spells  after  losing  a  job  or  a 
working  male  partner,  but  quickly  went  off  the  rolls  when  a  new  job  or 
siarriage  partner  was  fcrnd.    Other  analysts  claiswd  the  opposite: 
wlfare  dependency  could  last  fi^r  years  or  decades,  as  single  mothers 
becaase  addicted  to  receiving  public  assistance. 

Research  over  the  past  decade       based  on  the  new  statistical 
methods       has  showu  that  both  these  interpretations  are  correct  to  some 
degree.    The  great  majority  of  wosaen  receiving  welfare  at  some  point  in 
their  lives  will  receive  benefits  only  briefly       less  than  two  years. 
In  no  sense  will  they  become  addicted  to  public  assistance.    On  the 
other  bandp  a  majority  of  women  receiving  welfare  at  a  given  point  in 
time  are  in  the  aiddle  of  a  very  long  spell  of  dependency  —  lasting 
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ilrm.  ten.  or  even  twenty  years,  with  only  brief  periodi  of  tiM  off  the 
rolls.    Theie  women  eccount  for  the  bulk  of  acmey  spent  on  public 
Asii«t«nce  benefits* 

This  set  of  findings  bes  been  directly  reflected  in  recent  welfare 
refonn  efforts  •    The  AFDC  program  is  now  recognised  to  serve  two  kinds 
of  populations  —  one  that  receives  benefits  as  a  temporary  source  of 
aid  during  brief  spells  of  misfortune,  and  the  other  that  receives 
assistance  for  very  long  periods.    Different  kinds  of  reform  are 
appropriate  for  these  two  populations.    The  public  is  far  more  concerned 
about  preventing  long  spells  of  depvudency  than  it  is  about  providing 
assistance  that  will  last  only  a  few  months  or  one  or  two  years. 

A  somewhat  similar  set  of  findings  has  »erged  froa  detailed  studies 
of  flows  into  and  out  of  uncsoploymnt.    At  any  sKmnt  of  time  iw>st  of 
the  uneaployed  in  the  Itoited  States  have  been  un^loyed  for  a 
relatively  short  period  of  time       for  example,  in  January  alsost  half 
of  unemployed  Americans  had  been  without  a  job  for  less  than  five  weeks, 
and  TOly  a  tenth  had  been  un«^loyed  for  sis  smnths  or  longer.  (Our 
es|>erience  is  ouch  different  froa  that  of  European  countries  where 
typically  half  of  the  unemployed  have  been  out  of  work  for  six  a^mths  or 
longer.}    Despite  the  high  percentage  of  Awerican  unesiployed  found  by 
the  survey  to  be  out  of  work  for  only  short  periods  of  tiiae,  careful 
research  has  shown  that  iwjst  of  the  total  weeks  of  uneinployment  suffered 
by  American  workers  are  accounted  for  by  those  who  have  been  uneoqjlcred 
for  long  periods  of  tljne,  and  that  the  probability  of  a  person  finding  a 
Job  within  :he  next  nonth  actually  declines  the  longer  the  psrfson  has 
been  uneisployed. 
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•  Inally.  the  same  sort  of  pattern  emeirgfis  vhen  v«  examine  carefully 
the  flows  into  «nd  out  of  employment.    On  a  Bupcrflcial  look  the  job 
tenure  of  Anicrican  workers  is  rather  short       In  a  working  lifetime  the 
average  worker  will  have  held  ten  jobe.    But  more  careful  research,  with 
better  data,  has  shown  that  this  is  misleading*    young  workers  move 
around  a  lot,  but  eventually  settle  into  long-term  Jobs-    Thus,  several 
studies  have  found  tha'^  half  of  all  the  wrk  done  in  America  is 
performed  in  jobs  \Aere  the  job  tenure  is  fifteen  years  or  longer*  and 
if  we  confine  our  observations  to  adult  male  workers,  it  is  tventy-f iyg 
years  or  Icnger,    Among  other  implications  of  this  research  the  fact 
emvrges  that  for  the  majority  of  firms  and  workers  long  continuity  of 
association  and  relationships  of  trust  between  particular  firms  and 
particular  workers  is  a  major  aspect  of  our  industry  and  an  important 
contributor  to  productivity.    It  needs  to  be  nurturt?d  and  improved.  In 
that  respect  the  United  States  is  different  only  in  degree,  not  in  kind, 
from  Japan. 

Social  Experiments.    Over  the  past  twenty  years  Congress  has  funded 
a  number  of  "social  expel iments"  under  which  alternative  public  program 
designs  were  tested  in  practice.    Very  careful  economic  research  was 
necessary  both  to  design  and  evaluate  these  experiments.    From  them,  and 
especially  from  a  aeries  of  tests  on  alternative  oesigns  of  welfare 
programs,  we  have  learned  a  great  deal  about  how  low  income  people 
respond  in  terms  of  work  effort  and  other  economic  behavi*5r  to  changes 
in  the  level  of  welfare  beneTits  and  earning  opportunities. 

Evaluating  the  benefits  and  costs  of  many  social  programs  requires 
very  aophisticated  econoaoic  and  social  research.    Take,  for  example,  the 
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ciBc  cf  a  particular  federal  training  program.    To  evaluate  such  a 
program  It  is  not  sufficient  slinply  to  obaenre  the  earnings  and 
Wiployicent  experience  of  trainees  before  and  after  training,  aince 
earnings  and  en^iloyaent  opportunities  mi^f  have  also  changed  for  those 
vho  had  not  been  participants  in  the  training  program.      Hence,  at  « 
nlnlsus  it  is  necessary  to  coapare  the  earnings  and  eaploysent  record  of 
trainees  with  a  cwnparlson  group  chosen  to  be  aiailar  in  all  important 
respects  with  the  trainees.    But  there  nay  be  a  "selection  bla«"  —  for 
example,  those  who  choose  to  enter  the  training  program  aay  be  precisely 
those  with  more  ambition  and  better  potential  work  habits,  who  cwild 
have  been  expected  to  do  better  anyway.    The  only  alternative  then  is  to 
evaluate  the  program  through  a  social  experiisent  in  which  people  are 
randomly  assigned  to  training  and  to  a  control  group.    But  aocial 
experisMnts  are  costly  to  the  governinent.  time  consuming,  and  have  other 
disadvantages.    Recently,  however,  some  sophisticated  economic  research 
has  been  done  to  develop  statistical  criteria,  whlch..^ relying  on 
background  data  about  the  trainees  and  the  control  group,  can  detemine 
with  some  degree  of  confidence  whether  or  not  selection  bias  is  likely 
to  be  snail  enough  so  the  usual,  and  less  costly,  evaluation  techniques 
can  be  used.    By  applying  these  criteria  themselves  or  through 
contractors,  the  policy  evaluation  staffs  of  executive  agencies,  the 
CBO,  and  the  GAO  can  aore  confidently  design  and  rely  upon  evaluation 
studies,  and  also  identify  the  situations  when  such  studies  cannot  be 
relied  upon. 
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Tho  Ptgfulnesg  of  Research  When  the  'Obviimi^  Answr  ts  thg  Wrong  Ansygr 

Stmtinet  In  eccmralc  life  vhat  appvere  to  be  an  obvious  cause  and 
effect  relationship  tutns  out  to  be  BdsIeaaiQg.    Here  is  iri^ere  careful 
economic  research  and  analysis  can  be  most  useful.    Tracing  out  the 
major  econcmic  effects  of  trade  negotiatiwis  is  «  good  exaiaple  of  this 
situation.  It  seeras  obvious  that  nhen  a  country  like  Jafian  is  running  a 
large  trade  surplus  with  the  United  States,  negotisting  restraints  on 
specific  Japanese  exports  to  the  United  States  (e.g.t  autcwwhlles)  or 
using  our  bargaining  leverage  to  overcc»ie  barriers  to  U-S.  imports  of, 
say,  telecowmmications  equipeient  would  reduce  the  Japanese  surplus.  In 
fact,  honever,  that  is  not  likely  to  be  the  Icmg-run  effect  of  such 
negotiations.    If  we  restrict  Japanese  In^orts  into  the  United  States  of 
ccBsnodity  X,  then  the  Japanese  Japanese  trade  surplus  may  indeed^  for  a 
tiis»f  shrink.    But  with  a  smaller  trade  surplus  there  would  be  a 
scarcity  of  dollars  available  to  Japanese  investors  who  want  to  buy 
U»S.  securities  to  take  advantage  of  our  high  interest  rates.    And  so, 
the  dollar  will  be  bid  up,  and  the  yen  will  depr^-ciate.    With  a  lower 
yen,  other  Japanese  exports  to  the  United  States  will  rise,  and  their 
overall  trade  surplus  will  tend  to  return  to  its  earlier  level*    To  be 
sure,  they  will  sell  less  of  cossaodity  X  to  us  (at  a  higher  price),  but 
siore  of  y  and  2.    A  similar  turn  of  events  would  occur  as  we  negotiated 
a  greater  opening  of  Japanese  swrkets  to,  say,  our  exports  of 
telecoesnmications  ei|uipqsent*    Such  ejcports  would  rise, and  that  migbt 
indeed  be  desirable,  but  others  would  fall.    In  short,  trade 
negotiations  principally  affect  the  coeiposition  of  our  international 
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tratf*.  but  the  pvtt^ll  pime  of  our  tr«d«  deficit  Is  vMr'f    etcralned  by 
«Mcroocoa«nic  developnwnti  here  .nd  ■brosd,  e.pecliUy  t  .e  levelt  of 
n«tlon«l  saving        budget  deficit.  In  various  countries  and  our 
intecfest  rates  relative  to  those  elseidiere  In  the  wrld. 

toowledge  of  these  results  of  econwnic  aoalysis  does  r.ot  Itself 
tell  us  «hat  sort  of  trade  policies  to  follow,  but  it  .urely  should  help 
us  Bake  better  decisions  and  avoid  costly  oistakes. 

Some  Research  Efforts  with  Potential  Future  Payoffs  to  the  Hation 

ProductlvitY  Growth.    Starting  in  the  early  1970s  the  pace  of 
American  productivity  grovth  sioned  substantially,  from  about  2-1/2  to 
about  1  percent  a  year.    Necessarily  „ith  productivity  growth  falling  so 
sharply  the  grmrt:h  in  American  family  income,  real  w.gen,  and  living 
standards  of  f rallies  alao  slowed  to  a  crawl.    Careful  econ«nic  research 
has  done  siuch  to  debunk  a  number  of  popular,  but  fallacious, 
•aplanations  of  the  productivity  slowdown.    But  its  principal  causes 
etill  remain  a  mystery.    Economic  w.earch  is  now  shifting  from  an 
examination  of  broad  sacroeconomic  causes  to  more  detailed  studies  of 
the  mlcroeconoBic  deteralnants  of  productivity  at  the  firm  and  industry 
l«rel.    Some  promising  suggestions  and  leads  are  being  explored,  whose 
pursuit  may  ultimately  provide  useful  Infomatlon  both  for  business 
managers  and  public  policymakers. 

•    Research  i.  being  conducted  to  detemlne  what  we  can  learn 
from  specific  examples  about  the  relationship  between 
productivity  In  the  workplace  and  the  way  in  which  w«rker8 
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mtm  p«i<l  regular  Mg««,  tNmu««t,  profit- sh«rlnB,  ES"*".";* 
•tc. 

B«c«nt  rcoarch  hmu  shoim  tii«t  the  plints  of  iooie  »ilti- 
nAticmal  cofipAnles  often  have  high  productivity 
perforMnce  regerdleve  of  vhich  country  the^  ere  located 
in,    Japaneie  euto  coopeniet  in  the  edited  State*  are  good 
exai^Ies,  but  not  the  only  ones*    These  research  findings 
•ttggest  that  the  quality  of  aanafteaent  it  a  very  critical 
factor  in  determining  the  pace  of  productivity  growth. 
Some  researchers  have  cone  to  the  concluaicm  that  Aaaerican 
firas  suffer  because*  on  average*  they  do  not  know  how  to 
iialtate  auccetcful  technological  advances  made  in  other 
countries.    For  three  decades  after  the  second  Vbrld  War 
the  United  States  vas  the  world* s  technological  leader t 
and  most  new  technology  casxm  frc^  An»rica.    Hov  the  source 
of  new  technological  advances  is  »uch  more  diffused 
throughout  the  world,  but  American  firms  have  not  change 
their  attitudes  and  have  not  becc»&e  adept  at  copying  from 
other  countries*    Thus»  in  Japan  technological  Journals 
and  research  results  from  other  countries  are  widely 
available  in  translaticm.    But  despite  Japanese 
technological  success*  there  is  apparently  little  effort 
in  the  United  States  to  translate  or  otherwise  take 
advantage  of  Japanese  research  and  technical  Journals* 
In  a  related  vein,  through  research  studies  about  the 
nature  of  K&D  carried  on  by  business  finns,  we  know  that 
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the  United  States  hfts  concentrated  on  developing  new 
producti,  vhile  Japan  has  concentrated  on  producing  nev 
products  BKsre  cheaply.    One  atudy  found  that  coa^rcial 
MD  in  the  United  States  is  allocated  about  2/3rds  to  nev 
products  and  l/3rd  to  improving  production  procf>S6ea(  in 
Japan  the  proportions  are  reversed*    Thus,  the  United 
States  leadB  the  vorld  in  developing  nev  specialised  imi- 
conductors,  vhil^  tht?  Japanese  concentrate  on  ways  to  mass 
produce  semi-conductors  cheaply,  and  hence  are  st«fadily 
increasing  their  market  share  in  the  semi-conductor 
industry. 

•    A  recent  piece  of  research,  using  detailed  data  from 
Japanese,  American,  and  European  auto  companies  has 
documented  that  U.S.  and  European  carmakers  use  more  labor 
and  require  long«»r  lead  times  to  develop  new  auto  models 
than  do  their  Japanese  counterparts.    Moreover,  the  study 
pinpoints  the  specific  differences  in  organiza  ionsl 
approaches  and  managerial  techniques  that  appeared  to 
produce  that  ri»su3t. 
My  only  reason  for  inflicting  on  you  this  highly  selective 
recitation,  is  to  make  the  point  that  sc^e  very  specific  research  is 
getting  underway  which  is  not  the  traditional  exainination  of  the  broad 
detenninants  of  productivity  but  deals  with  the  ,iuts  and  bolts  and 
detailed  underpinning  of  comparative  productivity  perfonsance*  A 
manyfold  intensification  of  this  kind  of  rese4rch  is  warranted  and  has 
the  prospect  of  providing  important  insights  into  the  nature  of  Americi 
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produ  tivlty  probl«ot  and  ■ugg«stioiii  for  iJB^rov«Mnt.    And  h«t:«  «v«n 
vcralrgly  small  lAprorvemcntt  can  Tl«Id  Urge  ^yoifu^    To  tlightly 
fanciful,  if  aa  «  r«Bult  of  tuch  reaanrch  th<f  rate  of  AMriean 
productivity  growth  could  ultiiaatcily  bt  i^rovad  by  only  one- tenth  of 
1  percent  a  year  for  five  years »  the  annual  addition  to  our  national 
incnae  and  output  vould  pay  for  the  entire  HSF  budget  f  if  teen  tijnefi 
over* 

Thej^o^inflarionarr  tevel  of  Unewplo^rroent .     Right  now,  with 
unefiploymenv  atlll  a  bit  over  S  percent  of  the  labor  force*  ve  are 
beginning  to  aee  aooie  signs  of  an  upturn  in  vage  and  price  inflation 
not  a  sharp  upturn*  but  a  beginning.    Much  econoatic  research  has  been 
directed  toward  understanding  better  the  way  labor  narkets  work,  and  &n 
ii^ortant  part  of  that  research  seeks  to  understand  better  why  it  is 
that  the  level  of  unemploy»ent  at  which  inflation  starta  to  rite  is  so 
high«    In  the  process  of  that  research  we  have  begun  to  learn  ouch  more 
about  the  subtle tie a  and  cGssplexities  of  the  relationships  between 
«8iployer8  and  estployeea  with  respect  to  wages,  job  tenure,  and 
productivity  performance,    a«  1  mentioned  earlier  we  are  also  learning 
store  about  the  nature  and  coaipositicm  of  the  flows  into  and  out  of 
unesiploynent  and  about  the  process  of  Job  search.    We  need  more 
infomuition  and  analysis  about  the  extent  to  i^ich  the  pi^ovlsion  of 
better  information  about  Job  availability  and  worker  characteristics 
might  pitiduce  more  efficient  matches  between  unemployed  people  and 
vacant  jobs,  and  thereby  lower  the  unemployi^nt  rate  at  which  inflation 
starts  to  rise. 
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neve  again,  the  pctentiii  payoff  to  lisproving  our  knovledgu  couid 
be  quU©  high.    If  the  nation  coulC  lower  the  noninflatlonttry  lev«I  of 
unemployio«nt  by  only  0,1  of  on«  percent,  thi?  payoff  in  terms  of  higher 
national  income  mnd  output  would  be  sufficient  to  cover  the  entire 
annual  budget  for  NSF  thr««  tim^B  over. 

gxpl&ininR  the  U^S;,  Trade  Deficit 

Several  iaportunt  studies  have  recently  tested  the  ability  of  largt? 
scale  econometric  B*odels  of  the  international  economy       in  Japan, 
Europe,  and  the  Urited  States       to  predict  hov  international  trade 
flows  will  develop  given  the  internal  developments  in  each  country.  One 
major  finding  of  this  research  was  that  most  of  the  modeU  did 
reasonably  well  and  gave  similar  results  in  tracing  out  the  course  of 
the  U,S,  trade  deficit  if  they  were  fed  data  on  what  had  happened  to 
exchange  rates.    But  the-  did  a  very  poor  Job  and  differed  from  each 
other  Gubstanti&lly  whe^  were  not  given  the  exchange  rates,  but  had 

to  predict  them  on  the  .  .    s  of  what  else  happened  internally  in  each 
country. 

The  moral  of  this  story  is  that  econoniic  research  has  done  a 
reasonably  decent,  though  far  frcw  perfect,  job  of  enabling  us  to 
understand  and  predict  hi^w  international  events  and  exchange  rates 
affect  international  trade  flows.    But  we  have  a  long  way  to  go  in  being 
able  to  predict  how  international  developments  and  policies  in  various 
countries  affect  exchange  rates.    Given  the  large  and  steadily  growing 
importance  of  international  trade  developments  for  the  pinifp4.rity  of 
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moder 1  nations  and  the  crucial  role  of  exchange  rates,  it  is  essential  I 
thinlr  that  wc  Intensify  research  in  this  area. 

Data  Needs 

For  many  years  economic  research  relied  heavily  on  tvo  kinds  of 
data:     (1)  times  series  data  which  are  periodic  (annual,  quarterly, 
nsonthly,  etc.)  averages  or  totals  of  important  econwaic  variables 
CUP,  interest  rates,  steel  production,  sales  by  industry,  etc.;  and  (2) 
cross  section  or  •snapshot"  data  ^ich  provide  detailed  information 
across  a  sample  of  individuals  or  firms  at  a  moaBcnt  in  tiaw  e.g., 
decennial  census  data,  periodic  surveys  of  consumers,  the  Mnthly 
Current  Population  Survey,  etc.     increasingly  over  tlie  past  tvu  decades, 
however,  we  have  come  to  recognise  and  rely  upon  a  third,  and, 
unfortunately  quite  expensive  type  of  data  collection  —  longitudinal 
data  files.    These  files,  based  on  surveys  or  government  reco-ds, 
provide  various  kinds  of  data  on  a  continuous  sample  of  individuals  or 
families r  so  that  ve  can  track  developsients  over  tiae  —  they  represent, 
if  you  will,  s  continuing  series  of  snapshots  of  the  same  sraple  of 
people,  firms,  etc    Thus  wc  can  trace  how  firms  or  individuals,  grouped 
by  various  characteristics,  respond  over  a  number  of  years  to  various 
kinds  of  economic  develojsaents. 

One  of  the  niajor  recommendations  of  the  National  Research  Council 
Keport  on  the  Behavioral  and  Social  Sciences  was  for  the  RSF  to  devote 
substantial  additional  resources  to  the  collection  of  such  longitudinal 
files,  with  data  from  workers,  families,  and  business  firms. 
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A  major  body  of  highly  important  research  depends  upon  the 
availability  of  such  longitudinal  data.    Such  research  topics  include; 
the  causes  and  consequences  of  changes  in  the  distribution  of  jobs  and 
inccKoe  across  industry,  occupation,  educational  and  socio-economic 
groups;  the  hiring,  layoff,  promotion,  and  wage-setting  practices  of 
business  firms;  and  the  response  of  firms  to  changes  in  their  domestic 
and  international  environini'nt. 

Iff  as  another  example,  we  had  possessed  more  extensive 
longitudinal  data  on  the  financial  and  other  perforinances  of  individual 
firms,  we  would  be  able  to  trace,  much  better  than  we  now  can,  the 
subsequent  fortunes  of  those  finas  which  have  been  involved  in  mergers 
and  acquistions,  and  that  ability  would  have  made  a  substantial 
contribution  to  the  current  public  policy  debate. 

I  strongly  endorse  the  National  Research  Council's  reconwendation 
that  substantial  additional  resources  be  devoted  to  the  collection  and 
improvement  of  such  data  files,  including  in  s^e  cases  the  use  of 
sample  data  frojs  government  files,  appropriately  reviewed  and  sanitired 
to  preserve  the  confidt>j  t  iality  of  individual  responses. 
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Mr.  Wamjrkn.  Thank  you  very  much,  Mr.  Schultze.  We  appreci- 
ate that  testimony. 
Mr.  Gorham? 

STATEMENT  OF  WILLIAM  GORHAM.  PRESIDENT.  THE  URBAN 

INSTITUTE 

Mr.  GoKHAM.  Mr.  Chairman,  I,  too,  appreciate  the  privilege  and 
the  honor  of  appearing  before  this  committee,  and  also  especially 
the  pleasure  of  appearing  with  CSiarHe  Schultze  and  Herb  Simon. 

I  will  focus  my  remarks  on  the  research  developed  by  NSP  grant> 
support©!  social  scientists  that  has  dramatically  increased  the 
power  of  other  social  scientists  and  policy  analysts  to  understand 
the  problems  of  our  society  and  to  assess  and  predict  the  effects  of 
policies  aimed  at  changing  those  problems. 

To  echo  Charlie's  last  statement,  there  is  little  doubt  that  the 
budgetaiy  cost  savings  and  the  program  benefits  that  stem  from 
these  advances  alone  have  already  paid  many  times  over  for  the 
entire  social  saeivx,  probably  the  NSF  budget. 

The  work  of  that  translation  of  basic  social  science  into  policy  is 
done  by  policy  analysts.  Policy  analysts  have  become  the  intellectu- 
al bridge  between  the  discipline-oriented  research  of  university  cen- 
ters and  departments,  on  the  one  hand,  and  policy  officials  on  the 
other. 

Public  policy  analysis  serves  the  public  interest  in  three  ways:  It 
tends  to  assess  and  project  the  conditions  of  society  and  its  prob- 
lems; it  evaluates  existing  efforts  to  tackle  these  problems.  I  might 
pomt  out  that  Charlie  Schultze  and  I  had  the  pleasure,  in  about 
1966  or  1967.  of  inventing  something  called  the  1  percent  set-aside, 
which  was  that  1  percent  of  aU  program  monies  appropriated 
would  be  made  available  for  evaluation  purposes  That  created  an 
industry.  [Laughter.] 

The  third  thing  that  policy  analysis  does,  the  hardest  thing,  is 
that  it  appraises  the  relative  merits  of  alternative  future  policies. 

Since  1963,  which  is  the  bc^ning  of  my  own  career  in  public 
policy  research,  the  application  of  systematic  analysis  to  public  de- 
cisions h^  mushroomed.  The  growth  has  not  been  uniform.  During 
the  first  few  years  of  the  Reagan  Administration,  interest  in  ana- 
l3rtical  mformation  dipped  sharply. 

However,  it  is  fair  to  say  that  a  taste  for  reliable  and  increasing- 
ly analytacal  information  is  now  well  established.  Administrators 
and  legislators  have  come  to  expect  and  rely  upon  an  amount  and 
sophistication  of  information  that  would  have  been  difficult  to 
imagine  in  the  sixties. 

Policy  research  organizations,  by  and  large,  do  not  conduct  basic 
social  science  or  methodological  rraearch;  they  are  its  users.  They 
organize  their  efforts  around  policy  problems  and  issues,  and  they 
mm  their  work  at  public  decisionmakers  or,  through  the  media,  at 
the  puWic.  Thus,  they  are  the  link  between  basic  research  and  the 
ultunate  beneficiaries  of  that  research. 

I  would  like  to  cite  three  very  important  contributions  of  NSrs 
imjgram  to  research  that  bear  directly  on  policy,  one  in  ^h  of  the 
three  (st^ories  of  policy  analysis  I  cited. 


334 


330 

Tl^  firat  18  cm  assessing  prableim.  Usually  a  problem  is  studied 
after  tlie  public  has  cri^rved  its  prevalence  first-hand— homeless- 
ness,  for  example— or  after  the  media  have  brought  it  to  light,  as 
has  been  the  case  in  the  epidemic  growth  in  crack  and  crack-<x>n- 
nected  crime* 

Once  in  a  while,  a  significant  prc^lem  is  brought  to  light  by  the 
resc»rch  community  itself,  as  was  the  cam  in  the  growth  of  the 
number  of  Americans  who  have  no  health  insurance  at  all. 

In  the  foil  of  1988,  my  own  Institute  completed  a  study  of  home- 
lessness*  We  sought  to  answer  the  obvious  questions  which  were 
ncrt:  answered:  How  many  aro  tiiere?  Has  the  number  been  chang- 
ing Who  are  they?  How  long  have  they  been  homeless?  What  re- 
Bcmrces  are  available  to  them?  What  are  their  other  trouble?  Be- 
cause of  the  currency  of  this  particular  issue,  I  have  appended 
aoi.  e  charts  (that  we  did  from  one  of  the  committees  to  this  states 
n^nt)  and  the  article  presenting  the  results* 

This  stody  was  ha&ed  on  field  surve;^  Finding  and  interviewing 
homeless  persons  is  challenging.  Designing  such  a  survey  so  that  it 
can  be  used  to  represent  the  univerm  of  the  American  homeless 
would  have  been  impossible  but  for  the  pioneering  analytical  work 
carried  out  under  nSF  social  science  granta  Ba^use  of  this  sraii- 
nal  work,  researol^srs  are  now  able  to  have  reasonable  confidence 
in  the  results  ai  their  ^u^eys  and  the  analyses  of  the  survey  data. 

In  the  second  category,  the  evaluation  of  public  programs,  I 
would  Uke  to  say  that  only  if  one  has  not  tried  can  one  hold  the 
view  that  finding  out  what  works  is  easy.  It  is  difficult  because  a 
policy  intervention — the  introduction  of  a  pn^^ram  or  a  change  in  a 
program  level  in  edgnificancet  be  it  a  service  or  a  financial  induce- 
ment on  behalf  of  some  objective  (for  example,  tax  relief  in  ex- 
chance  for  private  investment  in  nndilem)  ridden  urban  areas,  the 
enterinise  xone  proposals — is  not  the  cmly  variable  affi^rting  the  <^ 
jectives*  Some  of  Uie  other  variables  are  measurable;  those  are 
sometime  manageable.  The  most  difficult  problems  are  posed  by 
the  ones  that  are  unmeasurable  and  und)Bervable. 

Selection  bifi»  is  a  partkulariy  persuasive  form  of  the  general 
problan  of  unobservaSle  variable  In  all  instance  of  evmuating 
the  effectiveness  of  a  policy,  the  analysts  confront  tlie  problem  of 
Hsm  due  to  unobservable  factors,  and  they  have  got  to  tzy  to  adjust 
for  it. 

One  example:  For  almost  any  kind  of  insurance,  people  differ 
with  respect  to  the  risks  that  mey  represent.  In  manv  casro,  the 
true  risks  cannot  be  observed  or  can  be  easUy  concealed.  H^th  in- 
surance coverage  for  AII^  victims  roprewnts  an  extreme  case  of 
sudi  bias. 

Another  form  of  ew^lection  bias  is  e^lc^ion  by  a  program  manag- 
er, sometimes  called  "creaming".  In  this  rase,  the  person  alloc^tii^ 
the  n^mrce  tries  to  channel  it  to  tho£»  most  likely  to  succeed. 
This,  too,  leads  to  ihe  mrasurement  difficulty  of  selection  bias, 
since  the  effects  of  the  program  on  someone's  likelihood  to  sucx^ed 
will  be  owrc^timated  to  the  extent  that  this  highly  selected  group 
wcruld  have  suc^^eeded  anyways. 

Selection  hism  was  the  maw  reamn  why  several  very  expensive 
social  expmments  were  sponsored  by  the  Federal  Government  in 
the  period  from  the  late  sixties  through  the  early  eighties,  to  test 
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impOTtant  popible  changes  in  income  transfers,  housing,  housing 
vouchers,  and  health  insurance  programs.  I  beUeve  something  in 
ti«B  order  of  $276  miUion  was  spent  for  those  social  experiments. 

The  social  expenments  were  characterized  by  a  random  assign- 
ment technique  which  eradicated  selection  bias  by  flMigi^it^g  per- 
sons from  the  same  pool  to  either  experimental,  Ae  programsTor 
contr^  groups.  The  two  groups  by  definition  shax«d  the  same  charw 
acten^cs  on  the  average  except  for  their  program  status. 

In  the  last  several  vears,  statistical  techniques  have  been  devel- 
oped, m  part  with  NSF  support,  to  correct  for  selection  bias.  These 
have  made  it  nossible  to  evaluate  government  programs  with  exis^ 
mg  program  data,  at  a  fraction  of  the  cost  of  social  experiments. 

Yet  another  aso^  of  evaluation  research  that  has  benefited 
from  theoretical  NSF  support  has  been  process  or  implementation 
analysis.  In  order  to  make  sound  recommendations  for  improving 
goveniment  programs,  it  is  necessary  to  understand  organizations, 
including  behaviors  within  them,  incentives  and  disincentives  to 
change.  I  wiU  not  describe  this;  Dr.  Simon  would  be  in  a  much 
better  position  than  I  to. 

The  program  implementation  studies  draw  very  heavily  on  the 
theory  and  behavior  research  that  has  been  support- 
ed by  NSF.  •^'^ 

The  final  catewry  is  the  appraising  of  future  policy.  What  one 
wants  to  know  when  one  is  selecting  a  policy  is  how  it  will  perform 
relative  to  other  possible  policies.  That  includes  doing  nothing 
about  a  problem.  This  prediction  is  the  business  end  of  policy  anal- 
ysis, the  aspect  of  most  relevance  to  public  decisionmaking.  And  it 
is  th®  hardest. 

While,  for  the  most  part,  policv  impact  prediction  is  still  more 
art  than  science,  ra^jor  advance  have  been  made.  C3iarlie  referred 
to  some  in  econometric  modeling;  I  would  like  to  refer  to  another 
m  microflunulaUon.  You  will  have  to  excuse  the  expression,  "dv- 
namic  microsimulation  modeling."  That  is  what  I  would  like  to 
talk  about  for  a  moment 

We  have  the  privilege  and  pride  of  having  had  the  most  serious 
effort  m  this  field  started  at  the  Urban  Institute  in  1969,  a  year 
after  we  were  founded.  It  was  under  the  initial  leadership  of  Guy 
Orcutt,  who  was  its  pioneer,  and  it  has  come  to  be  exceptionally 
useful  m  ass^ing  polic>'  choices,  especially  those  that  have  a  very 
long  term  of  unfolding,  such  as  changes  in  the  social  security 
system. 

aS?  ^r™^^  version  of  the  model  that  we  developed,  called  DYN- 
ASIM,  simulates  individual  and  family  behavior  in  order  to 
produce  a  realistic  forecast  of  the  economic  and  demographic  char- 
acteristics of  the  families  in  the  United  States  for  some  future 
year. 

The  model  starts  with  a  representative  sample  of  individuals  and 
families.  These  families  and  persons  within  families  evolve  from 
year  to  year,  experiencing  divorces,  marriages,  birth,  dying,  work- 
ing, bemg  employed,  and  so  forth,  aU  within  the  comi^ater.  Each 
year  s  forerast  population  can  be  analyzed  and  represents  a  e 
thetic  sample  of  the  U.&  population  in  some  future  year 

During  its  history.  DYNASIM  has  been  used  for  a  variety  of 
policy  applications.  Many  of  these  studies  were  initiated  by  con- 
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grrasiimal  requirement  Ebnimples  are  on  page  9  of  my  statement  of 
once  that  we  have  been  involved  in. 

Eertimation  of  models  that  are  caimble  of  simulating  behavior  re- 
quire  a  longitudinal  data  base,  which  is  a  datii  lyase  similar  to  the 
oiMi  that  Dr.  Simtm  referred  to  when  he  spoke  of  the  300  adolescent 
mothers.  One  such  data  base,  the  Panel  Study  on  Income  Dynam- 
ics, the  PSID,  has  played  a  audal  role  in  the  development  of  DYN- 
ASJM.  It  would  not  have  been  possible  without  it.  Indeed,  in  the 
second  year  of  that  Icmgitudinal  model,  they  were  running  out  of 
money,  and  the  Urban  Institute  contributed  $100,000  to  its  continu< 
ation.  The  PSID  was  also  fUnded  by  NSF. 

The  advent  of  the  PSID  facilitated  the  initial  development  of 
DYNASIM,  as  I  mentioned.  The  PSID  has  been  used  to  estimate 
models  cainble  of  predicting  events  not  only  on  the  basis  of  current 
individual  characteristics  but  also  on  the  iMuiis  of  these  individuals' 
histories.  What  we  have  in  the  current  PSID  as  of  this  year  is  a  21- 
war  continuous  history  of  approximately— I  gu^  it  started  with — 
9.000  families. 

That  concludes  my  examples.  As  with  Charlie,  I  circulated 
smom  "Kf  staff  and  got  virtually  ^.  I  selected  these  three  as  the 
largcat  and  most  signUlcant 

Finally,  let  me  say  that  the  grist  for  the  policy  analyst's  mill  is 
the  stuff  of  social  scientists.  I^liticians  and  administrators,  when 
they  think  about  it  at  all,  are  put  off  by  the  pace  of  learning  in 
social  science  and  the  difficulty  of  tracking  its  contribution.  They 
have  even  less  patience  with  the  guarded  wa3rs  in  which  social  sci- 
entists or  policy  analysts  hedge  their  fmdings. 

That  is  just  a  case  <rf  the  where-you-stand-depends-on-where-you- 
sit  hmmly.  It  is  emctly  right  for  social  scientists  and  policy  ana- 
lysts to  reveal  only  the  amount  of  truth  they  can  verUy.  That  is 
what  the  science  demands.  If  they  did  not  behave  that  way,  they 
would  deprive  our  society  of  the  essential  values  of  their  domain — 
objectivity,  reliability,  and  credibility. 

This  essential  rigidity  linuts  their  role  because  policy  choices 
almost  alwa^  involve  considerations,  often  overriding  ones,  that  go 
beyond  the  limits  of  the  legitimate  terrain  of  the  social  scientists  or 
the  <»i«city  of  the  tools  at  their  disposal. 

The  policy  world,  in  contrast,  is  driven  by  the  nece^ity  to  decide. 
"Hiat  necessity  requires  that  they  go  with  what  they  have  by  way  of 
enlightenment  when  the  decisions  should  and  must  be  made.  Both 
perspectii^  are  essential,  and  I  am  certainly  talking  to  the  believ- 
ers when  I  aikbress  it  to  this  group. 

It  was  a  pleasure  to  make  my  statement  to  you. 

{The  prepared  statement  of  Mr.  Gorham  follows:] 
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SOME  USES  OF  NATIONAL  SCIENCE  FOUNDATION  SPONSORED  RESEARCH 


Staremcni  or 
William  Gorham 
Presitlcnt.  The  UrbatY  fnMiiufe 

before  the 

SuKcommiitce  on  Sciemre,  Research,  and  Technology 
Committee  on  Science.  Space,  and  Technology 
U.S.  House  of  Representatives 


Washington,  D.C, 
March  14,  l<?89 


The  opinions  expressed  herein  are  the  author's  alone  and  should  not  he  atlrihuled  lo 
The  Urhan  Institute,  its  officers,  trustees  or  funders. 
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lotrodMictlqB 

I  am  Witliam  GtKhtm.  I  am  iJw  Prcsidtm  of  The  Urhwi  Insiiiute.  I  ■pprcciite  the 
oppommity  to  appear  before  the  Cwnminee  logciher  wirh  my  disfingutshed  colleagues. 
Chafky  Schulzc  and  Herb  Simon, 

Became  I  am  cunvSiKeti  of  ihe  merii  of  hrfnging  orgwiired  incetligem-e  lo  bear  on  the 
problem  of  our  society,  ii  is  a  privilege  in  speak  about  NSF-  supported  nes^rch  which  1 
know  from  persona)  experience  has  been  of  great  benefit  in  this  respect. 

1  will  focus  my  remarks  un  a  particular  set  of  analytical  techniques  and  data  bases 
developed  by  grwit-supponed  social  scientists  that  hi»   dmmatkatly  increased  the  pi*wcr  of 
other  social  scientists  and  pt^ii  v  analysts  to  understand  ^  :iaJ  and  economic  phenomena, 
and  to  analyze  and  predict  the  effects  of  policies  aimed  at  chimging  them.  While  I  have  not 
done  the  arithmetic.  1  would  be  surprised  if  the  budgetary  cost  savings  and  the  piogram 
bcnefils  that  stem  from  these  advances  aJone  have  not  already  paid  many  limes  o\xt  for  the 
entire  Behavioral  and  Social  Sciences  program 

Policy  analysis  has  become  the  intellectual  bridge  benm^  the  discipHne-oriented 
research  df  onivenity  ccntcn  and  departments,  im  the  one  hand,  ami  policy  ofTicials.  on  the 
other.  Public  policy  analysis  is  cnnceiwd  wiih  and  serves  ihe  public  interest  by!  ( U 
assessing  wid  pro^cting  the  state  of  society  's  condition  and  prc^lems;  (2)  e\^uating  existing 
pablic  (and  sometimes  piivate)  eHons  lo  t«^le  such  probiems;  and  t3)appraising  the  relative 
mcnls  of  altemali^v  future  strategies  and  polkks 
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In  llie  y<*n  siiKc  1953  Uhe  beginning  of  my  own  career  in  public  policy  rcKrarch).  the 
apfHictiion  of  sy^cmttttc  Bmlysis  to  ihc  puWic  dcd&ion  prncess  hM  mii»hnxmK:<l.  Tbis 
gitnwth  has  pamUcteU  compirabfr  dcvclopmcnis  in  ihc  pnvaic  secfor ,  The  ev^olutimi  Kw  n«t 
been  uniform  «mi>og  levels  of  government.  The  fedNrriJ  government  hts  gcnefally  been 
ahead  of  the  Mates,  ^^iiicb  have  be«i  ahead  of  ihe  cities.  Not  has  momemimi  been 
uninterrupted  during  the  Tint  few  years  of  the  Reag«i  AdminiiMnHicm  interest  in  analytical 
information  dipped  sharply.  However,  it  is  fair  !o  say  that  a  taste  for  leUaHe  and 
increasingly  analytical  it^formation  is  now  well  establi^Ned.  AdminiMrators  and  legislators 
have  come  to  expect  and  rely  upon  an  amount  and  sor^stication  of  Information  that  would 
ha\*e  seemed  difficult  to  imagine  in  itie  laic  si  Mies. 

Institutions  have  been  created  and  <Mhers  redirected  to  deliver  this  information.  At 
Congress's  disposal  arc:  the  Cimgrtssiimal  BiMlget  CWfice.  the  General  Aaxnniiing  CMice, 
and  the  Congressional  Research  Service  of  the  Library  of  Congress,  At  the  disposal  of  the 
executive  branch*  in  addition  to  the  traditional  heavy  duty  statistical  agendes-the  Bureau  of 
Labor  Statistics  and  the  Census  Bureau  -are  a  number  of  ckpartmental  analytical 
organizations  -e.g.,  the  Office  of  the  Assistant  Secretary  for  P!«>ning  and  Evalu^ion  iASPE) 
in  the  Depanment  of  Health  and  Human  Services -have  been  ad<fed.  These  statistical  and 
tfudytical  a^mcies  numerate  and  illuminate  different  aspects  of  our  society  an.1  •  .epare  or 
coruiact  in  the  private  sector  for  evaluative  ©fid  other  af»Jyttcal  Mudies. 

In  response  to  this  demand  outsit^  govemmeni,  several  majw  piiblic  policy  research 
organizaiions-the  Brookings  im^ittuion.  the  American  Enterprise  Institute,  the  Rand 
Coiporation.  The  Urtnn  Insiiiutt-maintain  siaflFs  of  social  scientists  and  policy  expeits  who 
sift,  search,  and  analyze  pnn^ry  data  tsome  like  Rand  and  The  Vffms\  Institute  ptYMJure  new 

daia^  for  illuminaiion  and  inMghl^  tm  m\nad  Mthjri!^     pn|«  \  am^cqucn^r   V'inuallv  ail 
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this  flow  of  infom^icm  hctximrs  grist  for  <he  dtn  wiim  mill,  A  nimiber  ^nailer 
imtilulkmi^  «kI  cotnmeirlftl  nweardi  orgftniwiiKis  do  ihe  same  ihing  on  Jiamrne r  fmnls. 
stKh  AS  manpower  Iruning.  criminal  justk^.  child  devclupnteni.  iiKxmic  (ranstr m.  fmMk 
fBXMkm.  Kcalth  programs,  and  morr 

These  policy  rr«carch  organiyaiion*  hy  and  larg*^  do  nm  ctniduct  basic  social  uienc^:  oi 
mefhoddogicai  ncscaich.  ThC)  ate  iu  u$en,    rhr\  nrganixc  their  rf forts  around  pcUcy 
problems  and  issues,  omi  aim  their  work  at  pubiic  decisionmaken  or,  thnmgh  the  media,  at 
ihe  public.  They  act,  thus,  the  link  between  busic  ri'^tearch  and  the  ultimate  hcneficiaries  of 
thai  research. 

Apart  from  six  years  in  a  pt>licy  position  in  the  federal  goveinmcnt  POD  and  HH5- 
*my  career  has  been  in  this  s<>n  ot  instiiuiion  and  thus  I  ^^cw  the  oKitributions  of  NSF  s 
Behavioiai  and  SiKial  Skicnces  program  tram  that  vantage  point. 

I  wilt  cite  thiet  very  im^Hirtant  contributions  of  NSF's  piogrant  to  lesearch  thai  bears 
lirectly  on  poticv  iwie  in  each  of  the  three  categories  (^f  policy  analysis  I  mentioned  caflief 

Examples  <i<  the  Use  of  NSF  Snpponed  Research  in  Policy  Analysis 

i  I )  Assessing  Social  and  Economic  Pmblemsi 

Usually  a  pri>blcm  is  studied  after  the  pnhlic  has  observed  its  prevalence  firsthand- 
-homelessness.  for  example  or  after  the  mcdid  hH\e  brcughi  it  to  light,  as  in  the  case  of  the 
epidemic  growth  in  crack  use  and  crack  cmnctud  uimv    th^ct*  in  a  wh^ic  4  s^jenttK-nu 
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proWem  U  rr^taltd  by  Iht  rrwarcti  of  a  ptiUcy  insiituic,  u  the  ttue  wiih  ihe  growth  in 
the  iHtfnber  erf  Amcrkmns  wifh  rw  health  insurance  ai  att 

Whatever  ihc  iniital  impciin,  when  iNrrc  is  a  demand  to  go  bc>vMKl  the  jiYumaJistk  and 
the  anecdotal  to  a  scientiftv  af^prajsal.  policy  institutes  arc  now  iticre  to  meet  that  demand, 
llteir  role  is  to  de>Tlop  to  the  client  po^siNe  and  make  puhlk-^  halimced  view  of  the 
iWiire.  origins,  extent,  and  conset^uences  of  such  prohiems.  Such  elahoratiofi  is  a 
reasonable  prnequisite  to  dctcrmming  whether  or  not  pMk  action  tor  i^ivate  action^  is 
wananied. 

In  the  fall  of  1988  ftw  Institute  completed  a  study  of  the  homeless    We  sought  to 
wiswcf  a  number  of  oovious  questions   How  many  are  there  *  Has  ttw  nimihe?  been 
ch«Tgtng?  W?TOBrcihey?  Hovr  kmg       thry  been  hcmieless?  What  r^-ufXTS  are 
available  to  them?  What  are  their  other  titmbles?  Beomse  of  the  cummcy  of  ;he  issue  I 
have  appended  to  this  statement  some  chans  wid  an  article  that  present  the  results. 

Hits  study  was  hascd  iw  field  surveys.  Finding  and  imerviewing  homeless  persons  is 
challenging.  Designing  si^h  a  survey  so  that  ii  i:an  he  used  to  represent  the  universe  of  the 
American  homeless  would  have  been  impossible  but  for  the  pioneering  analytical  work 
carried  out  under  an  NSF  lldiavtonil  and  SocmJ  Sciencts  gram.  Because  ctf  this  seminal 
work,  Tc  '-aichers  are  now  able  to  ha\e  irasonahfe  confttknce  in  \ht  results     theit  suntjys 
and  the  analyses  that  use  survey  data. 

Comparable  studies  have  been  condiaied  by  the  Urban  Institute  on  the  medically 
uninsured,  teenage  mothers,  very  elderly  wcHncn.  youthful  crick  dealers,  to  menii^in  a  few 
All  thes^  efforts  inve  a  majar  debl  lu  ihis  and  TciairJ  nKthiil  »lopKal  itfse;iKh 
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Bdnging  imdtecuml  t^x^r  the  uuK  of  undemmmling  our  sod^^s  ptt^ytems  has 

benefits  in  wwJ  of  itself  through:  dispelling  socially  dyshinaional  cnyths  abcmt  the  problems; 
placing  them  in  perspective,  thus  adding  light  rather  than  heat  to  puWlc  and  pcrficy 
(^scussiofis  and  (MMim:  imctermining  really  bad  ideas  about  what  to  do  about  the  pnDblenis. 
aiMl,  soimttines.  suggef^dng  good  ways  to  adkliess  iNrfn.  Twenty-five  yean  ago  tt  was  rare 
to  assess  the  social  illnesses  with  care  before  prescribing  the  inedidne.  and  when  it  was  done 
bccMisc  the  analytical  tool  chest  was  slim-  tittle  confidence  could  he  vested  in  the  result. 

(2)  Evaluating  Public  Progiams 

Only  if  one  has  not  tried  can  one  hold  the  nIcw  that  finding  out  'what  works"-i,e.. 
evaluating  the  performance  of  a  go>Tmmait  <or  any  otlwr.  for  that  matter)  program-  -is  easy. 
It  is  difficult  because  «  "policy  intervention*  or  "ireaimeot""  be  it  a  service  or  a  financial 
induc«mnt  (transfers  or  tax  breaks)  on  behalf  of  some  objective  (e.g..  tax  relief  in  exchange 
for  private  invwtmenl  in  proWcm-ridden  urf>an  arefts)-i5  TK>t  the  only  variable  affecting  the 
objective.  Some  of  tlwsc  other  variables  arc  measurable.  The  most  difficult  problems  are 
posed  by  the  ones  that  are  tmmeasurable. 

Selection  bias  is  a  particularly  pervasive  form  of  the  general  pmbtem  of  unohservable 
variables.  In  all  instances  of  evaluating  the  effectiveness  of  a  policy,  except  evaluations  that 
are  based  on  a  design  that  randomly  assigns  a  pool  of  individuals  ro  treatment  or 
nomreaiment  status-impossible  in  many  progrom  contexts-the  analyst  confront  the 
pn^toi  of  bias  due  to  unwwervable  factors,  and  must  try  to  «Iju5t  for  it.  Selection  bias 
can  take  several  forms,  and  also  goes  ureler  se>'eral  names   (^e  form  is  self-selecricm. 
sometimes  called  adverse  ?teienion  or  moral  ha/tud    An  fxajMple    For  almo^r  an^  kind  of 
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insunnce,  pcopte  differ  with  respect  lo  ihc  risk  \hty  rcpn?scnt.  In  many  caics  the  "fnte" 
risk  cannot  be  observed  ior  cwi  he  easily  awicttalcd).  Heatrh  inwnntce  coverage  for  AIDS 
victims  repre^ts  an  extreme  case. 

There  are  other,  more  suNJc  forms  of  self  sclcaicm.  For  example,  the  vvage 
distribution.  It  is  likely  that  at  any  given  time  the  avrragc  p<Hential  vvages  of  ihose  not 
wofkmg,  were  they  to  fimJ  a  jt^.  arc  less  than  the  average  aciuat  wages  of  tN*sc  already 
working.  In  the  abstract,  this  implies  that  a  policy  thai  increased  the  number  of  people 
working  (but  did  not  change  their  skill  level,  for  example)  might  reduce  average  wages. 
Shnilarly,  if  a  new  training  pmgr-m  weit:  offered  on  a  voluniary  basts,  members  of  the 
lafgd  population  who  volunteered  fut  ihr  pfogtam  would  most  likely  be  more  motivated  for 
»iccess  than  those  who  did  not  volunteer    In  each  example,  the  "true"  risk,  the  "tnie" 
productivity,  or  the  "true"  level  of  motivation  is  unobsenxd  imd  a  potential  source  of  bias  in 
estimating  the  effects  a  given  program  would  have  on  groups  other  than  the  panicular  group 
currently  participating. 

Another  form  of  selection  bias  is  selection  by  a  program  manager,  sometimes  called 
^'cfouning."  In  this  case,  the  person  allocating  a  resource  tries  lo  channel  it  to  those  most 
likely  to  succeed.  This  coo  leads  lo  ihe  measurement  difficuliies  of  selection  bias,  since  ihc 
effects  of  the  program  on  someone  s  likelihood  to  succeed  wtW  be  overestimated  to  the 
extent  that  this  highly  selected  group  wou'd  have  stKxreeded  anyway. 

Selection  bias  was  the  main  reas<Hi  why  several  very  expensive  social  experiments  were 
sponsored  by  the  twteral  govemmcni  in  the  period  of  the  late  1960s  through  the  early 
1980s,  to  les!  importani  possible  changes  in  income  transfer,  housing,  and  health  insurance 
programs.  The  mial  experiments        i  hanM  it-n/c'*  Iv     r^nHmn  :i«.^fenmeTil  rtfthfiiquc 
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^tcti  eY«(iiaued  selection  bias  by  assigning  persons  from  the  s«ne  pwl  to  eiiber 
experimenUl  (prDgram)  or  conirol  (non-program)  status,  Tfic  two  groups  b>  definition 
&hared  the  same  charactenjaics  on  a\'er8ge  except  for  progran)  statu* 

In  the  last  several  yearn  statistical  tediniqucs  have  bom  (kvdoped,  in  part  wiih  NSF 
suppoft.  to  correct  for  selection  bias.  These  have  made  it  possible  to  evaluate  govemnrntf 
programs  with  existing  program  data— at  a  fractitw  of  the  cost  of  the  social  cxpcfimenis. 
While  there  remains  sc»ne  controversy  about  how  well  these  techniques  make  up  for  the 
absence  of  the  much  more  expensive  ramiom  assignment  design,  even  if  the  proponents  of 
the  statistical  corrcttions  are  half  right  in  their  liaints.  the  cost-effediwiess  of  the 
accomplishment  is  huge. 

Yet  another  aspect  of  evaluation  reseaich  that  has  benefited  frcm  theoretical  NSF- 
supported  work  has  been  process,  or  imf^ementation  analysis.  In  order  to  tnake 
reccmimcndations  for  improving  programs,  it  is  necessary  to  umlmtand  organisations, 
including  behaviors  within  them  and  bureaucratic  incentives  and  disinccntivrs  to  change. 
Program  implementation  studies  draw  ticavily  on  orgari rational  theory  and  behavior 
research,  once  again  supported  in  part  by  NSF  Behavioral  and  Social  Science.  One  such 
study  that  has  just  begun  is  an  Vrtmn  Institute  evaiualion  of  the  Washington  Stale  Family 
Indepenctence  Frogmm 

O)  Appraising  Future  Policy  Alrematives 

What  one  warns  to  know  when  one  is  selecting  a  policy  is  how  it  will  perform  relative 
to  other  possible  policks  (including  doing  noihing).  This  prrdicfion  is  the  business  end  of 
policy  analysis- -the  aspect  of  most  fi?le\"amr  !♦»  pttHh'  \lrif*:if"n  m.ikin^    \^TiiUv  Un  iht?  mi**"! 
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fMfl.  polky  unpm:i  futdictkm  is  still  more  an  ihAn  idtnct,  nwjor  Khmccs  Kave  bcwi  m«fc 
in  econofnctric  imxleling  that  pniject  ihe  fKiformance  of  ihe  ccummiy  under  a  vmiety  of 
changes  in  ecunofntc  pultcy.  These  hav^  hetxmic  very  sopbisitcalcd  ami  they  are  generally 
helpful  for  macroeccmomic  planning. 

Another  dcvclopmmt.  dynamic  micrcisimulalian  mockling,  begun  in  1969  ai  the  Urban 
Institute  under  ihe  iniiiaJ  leadership  of  Guy  Orcuu.  has  come  to  be  exce^ionally  rn^ul  in 
assessing  policy  diotces  that  have  a  ^'ery  lung  impm:t  period,  such  as  dianges  in  the  social 
security  synetn. 

The  current  s  rucm  of  thai  model,  called  DYNASIM.  the  Dynamk:  Simulation  erf 
Income  Model,  simulates  individual  and  family  behavior  on  an  annual  basis  In  order  lo 
produce  a  leali^ic  forecast  of  the  cccHKwnic  wkI  demogiaphic  duuiMeriMfcs  of  the  famili^ 
in  the  Untied  States  for  some  future  year.  The  model  starts  wth  a  repfesamivc  sttnpk  of 
indivi<kial5  and  families  (typically  from  the  Current  l^)pulaiton  Survey),  and  simu^ion  units 
{fanillies  and  pencms  within  familks)  evolve  from  year  to  year,  expenoicing  divm:es  and 
marriages,  birth,  dying,  working,  being  unemployed,  and  so  forth.  Each  year's  foiecasted 
population  can  be  analymJ  as  a  synthetic  sample  of  the  U  S.  representative  of  some  ftjuire 
year. 

During  its  htsloiy  DVNASIM  has  been  used  for  a  vanet}'  <rf  policy  applk^itms  that 
require  Inoff-range  forecasts  of  ttronomic  and  demog rattle  histories  «ich  hs  social  security 
Of  pension  programs.  Many  of  these  i^ikIics  were  initiated  by  ctmgn^lona!  ivquijemems 
that  the  long  range  consequences  of  policies  in  the  retirem^i  and  aging  area  be  evaluated. 
Study  examples  imrlude: 
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1,  Analysis  of  alfenuHive  social  security  bcmrfit  stiwrturw  as  part  of  a  stmJy  to  suggest 
solutitms  to  the  "dmiWc  imtexmg"  program  (HBW,  1976), 

2,  Analysis  of  ways  that  the  social  sccuHty  system  could  be  miructured  to 
accommodate  the  changing  rotes  of  men  and  women  IHEW,  1979). 

3,  Estimation  of  ttie  long-range  efTeci  of  changing  the  Age  CNsciiminaiion  in 
Employment  Act  (ADEA)  to  increase  the  legal  mandatory  requiitmnt  age  to  70 
CDepaitmcnt  of  UboT,  ]9Sn. 

4,  &«imation  of  the  social  costs  of  teenage  child  bearing  (NICHD.  I982>. 

5,  Estimation  of  ihc  long-range  effects  of  ojHions  to  revise  the  tvles  governing  private 
pension  plwis  <HHS.  1984). 

6,  Estimation  of  the  long-range  effects  of  ihe  1983  Social  Security  Amendmeflis  (CDP. 
19«3>. 

7,  Analyses  of  earnings  sharing  alternative*  to  the  current  soda!  security  benefit 
stmcnire  (FonJ  Foundation.  1984.  and  CBO,  1986). 

g.  Animation  of  the  long  range  effects  of  rcdi«Dng  pension  vesting  to  five  years,  as 
induded  tn  the  1986  Tax  Act.  amJ  analysts  of  a  Nil  proposed  to  r^tuire  pemkm  covciage 
for  more  pan -time  wortiers  (Rockefeller,  1988). 
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Masi  rectmly  DYNASIM  \m  been  developed  to  examtm:  issiks  related  to  kmg-iemi 
cmt  for  older  Americans.  The  Urhan  Instituie  is  compk^ifig  a  siudy,  for  exampte.  t\m 
esthnttes  rhc  c^mand  for  kmg  lenn  Nraliti  and  social  services  lo  ihe  year  2030  under 
alfeniative  as*iim|>tmn!i  about  mortality  and  healih  (AOA.  I9«9>.  The  DYNASIM 
tcdinofogy  wilt  soon  provide  a  basis  fm  accuraldy  aging  Curnmt  FOfMiUlicHi  surveys  for 
shoiter-range  forecasts  ami  for  Mmulaftng  behaviomi  responses  to  changes  in  fan  and 
transfer  programs. 

Estimation  of  models  that  aie  capable  of  simulating  behavior  f^ulre  a  kmgitudma]  data 
baae.  One  such  data  base,  the  Panel  Study  on  Income  Dynamics  (PSID),  has  played  a 
cniciai  role  in  the  development  of  DYNASIM    The  PSID  wms  also  funded  in  part  by  the 
NSF  BSS  program.  T»w  mSy^  of  the  PSID  facilitated  the  init^  development  of  ttie 
DYNASIM  nKxtel  in  a  very  key  w«y.  This  was  the  first  time  that  a  tongitudiiml  survey  was 
avaUable  to  analyze  a  wide  ruige  of  behavior.  All  of  the  DYNASIM  labor  marliet 
subfnodels  rely  on  the  PSID.  Thi^e  iiKlude  a  simulation  of  labor  force  participMion.  hour* 
of  work,  uncmploymoit.  and  work  disabilities.  The  PSID  has  been       to  estimate  models 
capable  of  predicting  these  events  not  only  on  the  basis  of  current  imlividiml  charKterisUcs. 
but  also  kmg-nmgc  historic  of  these  events.  This  methodology  significantly  improves  the 
accuracy  of  long-range  forecasts  of  demographic  and  economic  events. 

Fmally,  a  Jess  sophisticated  bitf  very  widely  med  compter  ^mul^ion  model  called 
TRIM,  used  primarily  to  estimate  cmrs  and  caseloads  for.  the  Mre  of  the  affected 
populmiom)  in  various  tax  and  trans^  programs.  \m  recently  been  nuKte  more  accurvte 
and  retiahle,  timis  to  new  and  incrwingly  powerful  stiOiMkaJ  mtd  d^-mlyiic  methods 
developed  with  support  from  NSF. 
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Concluding  Ronarks 

The  gri«  for  the  pi^Hcy  analyst^  mill  is  the  siufl  of  soda!  science.  Politidaiw  whI 
admtnlMretors  when  ihcy  ihink  aboui  ii  at  all  arc  fH«  off  by  ihc  pace  of  learning  of  the 
sodai  sdcnilsls;  they  have  e\en  icss  patience  with  the  guartteU  way  in  ^hich  social  scientists 
or  policy  analysts  hedge  their  findings.  That's  just  another  case  of  fJie  wherc  you-siand- 
depends^  ^^li^re  you  sit  homiK .  H  is  exactly  right  fw  social  scicniisis  and  policy  anaiysir, 
to  iwaaj  only  the  amoum  of  truth  they  can  verify:  that  is  what  "sdeiKe*'  demands.  If  tl^y 
didn't  behave  thai  way  they  wouW  deprive  our  sodety  of  the  essential  values  of  their 
domain-objcclivhy.  rdiabiliiy.  and  thus  credibility.  This  essential  rigidity  limits  their  rote 
and  that  of  Iheir  works  because  polity  choices  almost  always  have  coiwiderations-^rftcn 
overriding  ones  ^th«t  go  beyond  the  Itmiis  of  the  legittmaic  trrrain  of  the  sodal  sctenttsts  or 
the  capwly  of  the  tools  at  their  disposal  -"he  policy  wortd.  in  contrast,  is  driven  by  the 
necessity  to  dcctdc.  That  necessity  requites  that  they  go  with  what  they  have  by  way  of 
enlightenment.  I  think  we  can  be  happy  about  their  differcm^. 

♦  » 

I  would  like  to  end  by  emphasizing  again  the  powetful  potential  for  improving  public 
dedsions  that  longitwlinal  data  sets  offer.  These  data  sets  have  dramatically  changed  the 
MUiy  of  social  sdcntists  and  policy  analysts  to  contribute  understandings  insight,  and 
occaakmal  guidance  to  a  wide  range  of  nunnentous  decisions.  But  we  are  only  at  the 
bcgmning  of  potential.  In  my  jiHigment.  if  we  'iiist^in  the  current  level  of  invcstinent  (and 
probably  make  selective  atklitional  investments*  the  rewards  in  terms  of  more  effective  and 
cfTiciaH  puWic  policy  will  repay  us  and  our  heirs  many,  many  times. 
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THE  HOMELESS: 


THE  FIRST 


NATIONAL 


STUDY 


study  Objectives 

Assess  Impact  of  Law 

Describe  Eating  Patterns 

Describe  Other  Characteristics 

Describe  Operations  of  Soup 
Kitchens  and  Shelters 
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Samples  We  Have 


381  Soup  Kitchens  and  Shelters 

1704  Homeless  Adults  Who  Use 
Soup  Kitchens  or  Shelters 

142  Homeless  Adults  Who  Do  Not 
Use  Soup  Kitchens  and  Shelters 


The  Homeless 

o  How  Many? 
o  Who  Are  They? 
o  Are  They  Hungry? 
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How  Many  Are  Homeless? 
March  1987 


Service-Using 
Homeless  Adults 
In  Large  U.S.  Cities 

All  Homeless 
Adults  and  Children 
in  Large  U.S.  Cities 

All  Homeless 
Adults  and  Ciiildren 
in  Tiie  U.S. 


110,000     195,000  275,000 


 o — - 


230,000    330,000  470,000 


400,000     570,000  800,000 


o  Homelessness  Has  Increased  Since  1983 

-  1 983  HUD  Study:  250,000  -  350,000 

-  Our  1987  Estimate:  Around  600,000 

t 

CO 

s 

o  Much  Less  than  Advocate  Estimates  of 
About  3  IMillion 


t 
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Who  Are  the  Homeless? 


o   Demographic  Characteristics 

o   Length  of  Homelessness 
and  Joblessness 

o   Financial  Resc  urces 

0  Troubles 


What  Proportion  are  Families? 


o  10%  of  homeless  service-using  adults  have 
one  or  more  children  with  them. 

o  Of  all  service-using  homeless  people: 

15%  are  children 

8%  are  adults  accompanying  these  children 
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Demographic  Data  (2) 


How  Long  Homeless/Jobless? 

Alone  WithChildlreri) 

Homeless 

3  months  or  less  1 9%  39% 
1 2  months  or  less                  51  %  73% 

4  years  or  more                    21%  6% 

Without  Steady  Job 

3  months  or  less  9%  1 1  % 
1 2  months  or  less                 39%  38% 

4  years  or  more                    33%  33% 


Financial  Resources 


Alone  WJih  Child(ren) 

Cash  Last  Month 

Mean  $146  $301 

Median  $  64  $300 

Cash  Last  Month  from 

Working  25%  23% 

AFDC  1%  330/^ 

General  Assistance         10%  33% 

No  Cash  Last  Mon;  18%  6% 

Food  Stamps  15%  50% 
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Personal  Troubles 


Alone  With  Ch[id(ren) 

Mental  Hospitalization  20%  1 1  % 

Chemical  Dependency  35  12 
inpatient  Treatment 

Jail  for  5+ Days  56  18 

State/Federal  Prison  26  2 

None  of  Above  C   29^  C   76  O 

Any  I  2S  12 

Any  2  22  6 

Three  or  All  Four  20  6 


Are  They  Hungry? 


Policy  Framework 

o    Emergency  Issues 


o    Transitional  Issues 


o  Prevention 
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HUNGER  AND  THE  HOMELESS: 

POC»  DIETS  AND  DAYS  WITHOUT  FOOD 


tram  M*fH>n*  *ml  HfHatr  NtU'K 

mflt<^  t'^wt  ^il*  how  mnnv  jxH'pU-  an* 
ht»m«lf?Sim  th*-  UniK-d  SUh^  hut  thv 

\  iimWv  prubfcm  t><  tht»  hiMnrle^s  • 

aallv  giwn  to  M»h<T  a^f^xls  nf  t^tt-tr 

thcv-  gv>  huriKfy'  Air  thrv  mal 

^htm  or  Um^  ptTKjds'  (  -in  xbey  cope' 

hN  havH?ral  pmhlm?!  that  pu'vtni 
rtw'rt  f rum  making  ^  djff twni  Kind  of 
lifv' 

To  dak-  m»?hinj^  suhstantwl  h*s 
bt'pn  known  ^bt^ut  whfthiT  th^ 
hiirmrUf^s  K^^t  rnnK^h  ti»  eat  i«r  the 
fight  nuttM-nt!^         stuiM's  can  tt  U 

stnwthing  jbtmt  ttth«T  character 
isttis  tT4  bvvrw\\\y  j.nTs»rn^  in  tlw 
UkaJUiv^  ^rurira^d  but  no  iwtHmitlv 
ivprtrvmtatjw  stud\  has  bwn  dtmp 
thai  can  xupptirt  j;«^wali/atiims 
Ab%\u\  tht'  h<imfiiM»s 

hutvry  Provider  f  ir^  Natioiu! 
PiciuTC  of  Kom<iv*s 

7)»»  inli'TinatH^n  ^.ip  ts  nvrw  ckn- 
if^  In  p^tTMn  mUTTMiw  *tth  the 
first  natkmaUv  ivpnis<«iuativp\jimpJe 
ci  h<»mchr^sp«»rv»ns  Hju.uM^jheiit;!^ 
^nd  Miup  kmht  n^  ~  afKJ  tf^«  first 
studv  wr  K>  i\^\(fit  detaM  mfor 
matJvm  im  what.  v%-t<w.  and  how 
much  iht  hitmrW  rat  -  prw 
\  tdc  mi^HHiant  ^nsmm  !u  queMiofl* 
ab<iut  hMngrr  and  malnumivhtwrm 
ainting  ihr  ht^mrh^s  The  smerviw 
data,  ^t^irfted  .md  analy2tti  by  Jn- 
MJtufe  nr>fart>^  fs  Martha  Burt  areJ 
9Ari>ara  Coht    ^  ith  avHsiancr  inm\ 
nMtniwniM  \.inc\'  Chapman  aJsc^ 
ccmfimi        e%id«ni?  ahoul  othw 
characttTistic^  of       hwtwlrsi  and 
stfpngly  su^t  a  n«d  tu  nrvaliMl^ 


th«'  hxu*.  of  pfi»gram*.  s«Tvinf;  thi^ 
Kwup 

Un  thv  jciMid  %*dr  tht'  «.ur\rv  rt- 
^ral>  that  whik-  thnv  «!v  familtf»s 
amuns  thv  hiMUfk^^  i^hti  um' 
(rr^andSiMipkiUhrns  Ihrs^-famtuev 
n*pn>mi  twly  a  small  pCTt  entasf  ,4 
that  p^^la^«m  NitwimT  in  alrrtiM 
Ml  rvsf^i  ^^  hi>nH<{<r>^  families  mtv  Ir*»s 
drslitut\'  than  arv  lh<nr^ng!t»  h(mie 
k^s  ccKintii parts 

i>n  th^disrnrsvin^Md**  thr  h^nnr 
h^s  H  )w  sht'ItiTV  arnl  MHip  kitch 
vm  mifftT  from  crip^Ung  condttH»rt^ 
bo\xmd  jf\d  mtm»t*xli»nM\f  than  l«<k 
oi  shf''  -  including  chfimtc  mt'nlal 
iHntr*^  ih^i.'ical  JeptTideno  and 
Umg  trtm  miemplii\  ment  Thus** 
Hhi^  dvi  rw»t  I M'  theM'  stf\u«.  asv 
v\ru  mi»f  !ik>  ly  to  ha\^  ihcM-  c.-mdi 
ifc^s  Kij  ^:;v  tht-  ht»n>eless  an*  dis 
px7pt»riwna«rty  black  and  fiwpaiHC. 
morv  so  than  an*  the  ptror  RfWalk 
thr  possibility  that  at  m 


tht-  nathrtv  lar>^  r  c»li*s  fU-  ht»mrlts^ 
Unw  \vt  an«ithtf  lam  of  thv  undi  r 
class 

Ptv^ram-  rhat  pifur  mimiv  pn- 
marth  mt*i  ihr  imprt.wmt'nl  r)  th** 
ph\%iiai  planN  i^f  t-mtn^^fiuv  vhiJU'ts 
Iravf  unaddrvsH^d  the-  tT^Mlbpk.  and 
kmg  ttrf  m  mrdN     thi>**'  Mtw-d  and 

thus  do  ll!f  Jo  to  flJSttl  m  II  sulfii  It  tH  V 

\ii  auording  tt<  tkirl  and  C  oht-n. 
ihangif^  the*  h\  u\  i>f  such  programs 
will  btf  djffu  ult  h  IS  ws«T  ii»  ^arr^T 
puWk  *.Mpptirl  Ui  hinisc  th*'  hvwU-^*. 
xn  rxmT^iH\  shrlit-rs  than  it  »^  to 
raix  empathy  ar^l  r^-^^mrtrstotn^i 
th^'  UmK  twm  piivxitv  *jr  pttnuni'nt 
divabih!>  that  can  h»rt.v  priifMr  into 
h\WH.'ie*snt  •  > 

As  part  v>i  ^  ldrj5<i  stud>  by  Burt 
and  Oihcn  i»n  thr  hi*melrss  pi'p^tla- 
iK»n  and  iht'ir  souru-s  of  fiH»d  and 
sheluT,  a  natttmaUv  rv^vv.'s4fntativt> 
sample  of  about  I. TIM)  hctmrkrv*  pt?i.> 
pie       UM'  scHip  k4tchmj»  ur  Owlhis 


A»l  J^,^  MI  pmcnt  repmc^  thai  fHty^i  tynnia^  irr  tmr  rrt  urti  avite^f  <mvftef|( 
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tv«s  rAndumiy  >elt\tffd  m  20  W  the 

100,000  or  muw  RffOTitipansun,  142 
pmc^  who  dki  ntyt  uik:  thvyt  sm?^ 
kfH  wrrr  interviewed  «i  *tt^  %vtwr 
htwwks*  congnjj^tiF  -  f«ii.s,  bus 
Of  n«m  (Utums^  sirrrt  cemm  or 
4Ueys^  And  cutvnts  and  (^her  i^Jim  of 
the  highway  siVMem 

In  inlfrfMrtuig  the  findutgs  <rf  the 
survi?v  It  is  impi}Tt<inl  tu  kp«p  in  ntind 
that  thr  vtaltMutiiUv  n-prewutn* 

who  4(J  «M'  *ttup  lttKh»Kis  *nd  shri 
lers.  Vw  pattvrn^  fur  thi*?  gti'Up  *rr. 
therelonf .  ifcscnbed  firM 
ffen^  Md  Malnirtrition 
Wldn^rrad 

frequent  s«.»up  kit*  hw,  vhflte*>  i»T 
both.  not  e4f  thivf  mediv  a  d4>' 
Thi»  awf^se  number  mcalst'^ten  4 
day.  avturding  Ui  hnjHmiSenN, 
i^ightiv  lev^ihan  two.  Mc>ivth«n  or^- 
thud  iv{xwt«j  eating  om*  m»{  a  dav 

days  Hf(th(iut  food  Thirty  vj*  prrn;nt 
tvpurted  that  th«?y  j^otine  day « ♦r  motv 
per  a«e^  v^thout  eating  anvthini^ 
Abgut  one  in  fuur  thfy  rnv^ 
day«  or  more  wtthoui  eating  more 
than  once  a  rtHmth,  om?  m  stK  sa«d 
they  go  t\w  day%  nu>re  wit^Kiut 
eatmg  as.  uftw  an  imce  a  wev'ii 

Ndl  only  do  the  hc^mWew  who  use 
*ouf^  kitchem  and  shciters  eat  rria- 
tiv*Jy  mfnrquently,  Ih^r  diet*  aiso 
lack  ewtentwl  i<K>m  C#UulatM>n» 
t7a^  on  desiTipduns  of  'a^i  htstw 
teM  peopte  sajd  they  ale  the  prevjous 
day  for  exan^,  reveal  that  65  p«T- 
cent  had  not  consumed  any  mtlk  or 
miJk  p<oduct»  dufwg  Hurt  day.  43 
percent  had  eaten  no  fruits  or  vv^a- 
Weft;  30  percent  had  eaten  nu  ip-itn 
prodi^  and  20  p<n*rH  had  eaten 
no  meat  or  other  profein  woirei 
Mcsv  than  one  in  thiee  reported  that 
they  iwmetwnei  or  often  do  not  ubI 
entM|^toeatr  cmnpMsfd  wiOtunetn 
t%ivnty^^  fw-  the  Umfied  States  «i  a 
tvhoie  Msd  one  in  6w  ft^  thi)?«  m 
mtmne  poverty  (with  »nojfne»  at 
thive  quMtm  o'  the  o«wial  poverty 
{ine  Of  twknv). 

immrif  ■  Pttuwtf  t>y  Mtotripk 

A  <^  rfi#mcten««x  uidjcatrt 
that  ^  hofiieie9»  are  Uidcf^  an 


eKtremety  disidvanti^cd  Riwp  in 
the  pt^Tulation,  with  both  eammk 
and  mjfwcunojmc  pniNems  These 
hrHiings  Confirm  mfonnaDon  avaula  • 
Ht»  fn»n  nwny  kjcal  Mudie^ 

EuuvMM  ONfaUbfutCin  Servtce- 
xivx)^  respondents  report  very  httle 
casph  income  The  avera^  income  per 
per&im  for  tl*  30  days  pnvedu^  the 
mKTview  was  $13700  Durmg  ih» 
*4me  30~day  period  17  percent  le^ 
ported  no  cash  income  The  mtvicc 
u<rff^  home)e«»  haw  typtcaUy  also 
been  w^huut  a  )ob  for  a  corHMderable 
penud  oC  tune  •^noidytwvthUvh  for 
rmire  than  one  year  and  ontf- third  for 
more  than  (our  yeanL 

PH^sfoti  «wl  MmM  HetUrk  The 
home {<«i  who  use  mcai  and  *heiter 
$mace«  lend  to  be  in  retatntrty  poor 
phy^al  and  merrta}  health  A  majtw 
ity  {56  percent)  reyuited  at  kaV  we 
health  pwWnnc  Muding  15  percent 
writh  jo^H  pvobtfmik  t$  percvni  i^ith 
hi^  bkwd  pneisvre.  and  H)  percent 
with  problems  walking.  Thirty  e^t 
percent  «cid  tttetr  he^h  was  fair  or 
poof,  ctmipawd  with  TO  percent  i4 
the  genera]  population  a^  extern 
to  ^vtyfour. 

Mentai  heal^  problcn»  are  prvva^ 
tent.  AhnoM  20  <mt  of  tOO  reported  a 
hiftory  of  mi^al  ho»p»ialiianon  A 
Similar  pnjpoftiun  repoitrJ  having 
tried  loo^iMTiit  tujctdc-- veiius  3out 


of  100  kjr  the  gei^fal  pt^nilatton  and 
7  out  of  100  fw  pcnons  ever  dug 
noted  as  soffem^  fnnn  a  majtx 
psyt^hiatrx:  Ulnes!^  Finally  on  a  scale 
developed  by  the  National  Insntute 
of  Mentai  f^«lth  to  measure  &:vrTmt 
depmsion  and  den>orali/atHia  43 
percent  had  wffictentJy  hj^5h  psycho- 
logKat  distress  to  indKate  tlW  need 
for  inunedkAte  treatment. 

fwsHtmtkimfix^rum,  Inittttutional 
uation  ekpenetKe^  af«  prevalent 
tW- third  have  t>een  patxent^  in  a 
(fetowficatVTn  or  akohol^drug  tmt- 
r^ient  cmter  Half  have  ^pent  more 
than  3  to  4  daystn  a  county  ^aiJ  Orw 
quarter  haw  MT%«dMiUem'  nsute 
xw  federaJ  prisons^  Arwl  nearly  <me- 
fifth  havv  be«i  tnshtutwnalUed  in 
three  ur  all  four  types  of  tn^tutions 
asi««ed  (mental  h«npttal,  (ktoxifka  • 
txm  m  chemK:al  deperoiency  center, 
ctmnty  fai!«  state  or  feffera!  pr&on^ 

NoRservk*  Umm  Mm  In  Need 

A  IT  the  homele^  who  do  not  use 
fiMtcri  or  soup  kudvns  different 
(torn  those  who  do?  Some  haw 
at|i(ued  that  these  persons  did  not  use 
^rvices  f  mm  choice  that  somehow 
they  were  more  independent  kvs  in 
nenl  than  the  ones  who  sou^t  at 
le^  some  suppusl 

tt  ^  no  longn  posa^  to  use  that 
argument  Even  though  rhe  san^ 
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w«*II  and  luM  rvpnrirntatnT  m  « 
Mnipir  And  the  f«mirr  it  p*mt*  r 

iwfd  than  th«M  ivhii  <tu 
Thr  lHiTm*U>f^^  whu  dk>  ivjt 

U.v\$ier  having  bfm  iMthuui «  str*^ 

thv\'  rrpntttsi  h'mg  leys  hr*llh> 
Th«v  alMifAf  Jrfc^  ami  l«>i  frt(fLM*nflv 

Th*'  tHWWU-^s  >vhu  d*»  rH»!  srfN 

M«  jhn  Vuw  |Mtytf  ivktmi;  p4tUf  m 

niiWf  htMviK  t>r»  {r*>b  and  ^.indfui' 
4k^•Afu!it^     fwui  Ihry  ft«f  Jf^-  unH 
sl)>;h!h'  ovvt  t«H'  RivAt  p«T  tU> 
tif^.  arv  nmtf>  m-.^fi.'  lik«.fv  Im  gv  tim' 

f^'ttu^  m«.m^h  Ui  i,'Ai  ami  quiN 
ttnlikrJy  |ox;»  <        lht\  w*»f  turat 

wtH>  u*<  v.nip  Kitchnis  and  ^'itm 


«v  pmini%  ^-hti  arr  by  Uwm 
♦eJvr*  Thr  frma<,ur^  23  pfrtmt  ttv 
mfamili*^     fTfi^t  4^th«.^«adultv 

fhnr  IhiM^an  milhinp  ab*»yt  hf»H 
nwnv  bH»litRtt«l  chjldur,  hitn«<I;7s^ 
pm-om  \\g\\  Ihv  %iir\w%  cUd  not 
ui^kM  th4t  inHnmarum^  it  » 
mtirwyrthv  that  altlKnigh  rtwn<  arv 
umioubn^ly  NfnUir^  amtm^;  iht* 

\hstt>      Out  A  armmg  tht> 

^ftHjp  in  Tlii'  Lrbin  ImutuH  »,  m^^ 

n<t«  tiiii>ivH>«t  thf  childivn  m  Kmi^ 
Ufis  tjrtulif^  oi  a>K  tht»  adulT>  qw*^ 
tKHi-t  aKni:  thf  chUdivn  u-ht^  vv^* 
H«h  thtm  Bui  (r!i>nnaruin  nn  ihi' 
i^uitt.  in  th^  fonuht^  can  trll  oh  quite 
a  b»f  jih*>ut  rtu'  pnrh*bi«'  rtuirimmrttt 

Xhv  }TUwn«*.  jdwits  With 
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Mr.  Walcren,  Thank  you  very  much,  Mr.  Gorham,  We  appreci- 
ate that,  and  perhaps  it  should  be  filed  under  the  category  of  f  e- 
wamed  is  forearmed.  Is  thr'  where  that  dynamic  modeling  will 
lead  us?  It  is  like  Scroop's  Christmas  future.  We  get  a  good  look  at 
what  might  be  coming  down  the  road,  and  maybe  we  might  act 
more  wisely  in  advance. 

BAf*  CiOrhaks*  Pi*Gcis€'ly« 

Mr.  Walgren-  The  Chair  would  like  to  recognixe  the  gentleman 
from  New  York  for  a  brief  openingstatement. 
Mr,  BoKHLERT.  Thark  you,  Mr.  Chainnan. 

I  apolc^ize  for  my  delinquency,  the  late  arrival  of  my  plane  this 
morning. 

Mr,  Chairman,  this  morning  s  proceedings  remind  me  a  little  ot 
thc^  hearings  on  poverty  that  were  held  in  the  sixties.  The  atti- 
tude then  was  one  of  amazement  that,  in  this  affluent  society,  such 
deprivation  could  exist  unnoticed  and  unattended.  That  sense  of 
poverty  amidst  plenty  is  clearly  present  in  the  testimony  to  be  pre- 
sented to  us  this  morning.  We  have  already  heard  some  of  it.  And 
the  feeling  has  a  foundation  in  fact. 

At  a  time  when  NSF  has  been  growing,  albeit  at  a  rate  far  below 
what  this  committee  would  like,  the  social  sciences  have  been 
unable  to  regain  their  pre-Reagan  funding  levels.  The  astronomical 
sciences  have  withered  under  budgets  that  are  anything  but  astro- 
nomical, and  the  Antarctic  has  continued  its  sad  descent  from  pris- 
tine terrain  to  what  seems  more  like  the  world  s  coldest  superfund 

site.  ,    1  ,  1 

Admirably,  NSF  has  developed  a  plan  to  improve  health  and 
safety  in  the  Antarctic,  but  it  may  be  msufficient,  and  at  any  rate, 
the  other  two  discrepancies  remain.  These  i^ues  merit  further  ex- 
ploration with  Erich  Bloch  ut  Thursday's  hearings. 

NSF  is  not  at  a  budget  level  that  can  sum>ort  all  worthy  research 
or  research  areas.  Priorities  must  be  set.  This  morning's  testimony 
should  provoke  some  questions  about  whether  precisely  the  proper 
balance  has  been  struck  among  NSF's  many  disciplines. 

Thank  you,  Mr.  Chairman. 

Mr.  Walgren.  Thank  you,  Mr.  Boehlert. 

Let  me  start  off  and  then  turn  to  other  membera 

You  have  really  pre^nted  us  good  example  of  the  value  and  cer- 
tainly direct  testimony  of  the  met  that  the  social  and  behavioral 
sciences  have  not  been  supported  at  previous  levels  and  in  fact  do 
not  seem  to  be  participating  in  the  rebuilding  and  the  growth  in 
NSF  budgets  as  are  other  areas, 

I  guess  I  would  like  to  ask  in  the  shortrat  form  why  that  is  true. 
What  is  the  problem?  What  kinds  of  resbtances  are  we  running  up 
against?  I  want  to  see  if  I  can  get  any  candid  comments  from  all  of 
TOU  on  that  question.  Why  aren't  we,  as  they  say?  Can  I  start  with 
Dr.  Simon? 

Dr.  Simon.  I  think  I  am  not  revealing  any  secrets  if  I  say  that 
there  still  is  not  a  universal  belief  that  the  study  of  human  behav- 
ior can  1^  carried  on  with  the  same  cAyectivity  that  the  study  of 
atoms  or  the  study  of  beetles  can  be  carried  on,  and  I  think  that 
skepticism  underlies  part  of  the  difficulty.  That  skepticism  is 
foimd,  not  only  in  the  lay  public,  bu*  is  found  in  the  scientific  com- 
munity itself. 
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And,  as  I  suggested  in  my  testimony  and  in  the  annex  to  my  tes- 
timony, It  IS  reflected  in  the  organization  of  the  NSF  itself  The 
people  who  can  make  the  best  case  for  the  social  sciences  are  social 
acientiBts.  They  have  to  speak  to  an  understanding  audience  and  a 
reoGptive  audien<^.  an  audience  that  is  willing  to  entertain  the  pos- 
sibility that  this  kind  of  objective  research  is  possible  and  pays  off 
Ihere  have  not  been  very  many  voices  at  the  top  levels  of  t  he  NSF 
who  can  make  that  case  from  their  own  understandmg,  their  own 
knowledge,  their  own  conviction. 

It  seems  to  me  that  the  problem  is  going  to  persist  in  one  way  or 
another  until  there  are  such  voices,  and  in  particular,  I  think  seri- 
ous consideration  is  needed  of  the  possibility  of  dividing  the  present 
Biological  Behavior  and  Social  Science  Directorate  into  its  two  nat- 
ural parte  to  make  certain  that  there  will  be  at  least  one  assistant 
director  for  the  behavioral  and  social  sciences  who  speaks  for  those 
fields  and  who  will  be  a  central  participant  in  the  higher  level 
budget  decisions  of  the  agency. 

Mr.  Walgren.  Mr.  Schultae? 

Mr.  ScHULTZE.  I  fully  subscribe  to  that.  Let  me  add  several  specu- 
lattons,  at  least.  ^ 

Hard  scientists  tend  to  look  down  on  soft  scientists  as  second-rate 
citizeiw  because  the  resulte  of  their  discipline  are  less  certain,  less 
immediately  and  obviously  connected  to  tangible  consequences  I 
mean,  the  average  citizen  can  read  about  some  Nobel  Prize  winner 
having  found  a  neutrino  or  a  boson,  and  he  doesn't  know  what  the 
heck  a  neutrino  or  a  boson  is,  but  it  sounds  awfully  important,  and 
he  IS  tairly  sure  from  the  history  of  nuclear  science  that  some  day 
that  is  going  to  lead  to  some  major  breakthroughs. 

On  the  other  hand,  he  te^ds  to  think  of  economists,  for  example, 
as  on  the  one  hand;  on  the  other  hand,  you  lay  seven  of  them  to- 
gether and  they  will  point  in  eight  different  directions,  and  so  on. 
ILaughter.] 

It  is  much  less  tangible;  it  is  much  less  certain;  it  produces  re- 
suJtfi  for  the  good  of  society,  if  you  want,  much  more  indirectly. 
Ihere  are  not  many— there  are  a  few— results  of  economic  research 
that  you  could  point  to  and  say,  here  was  research  A  and,  by  gosh 
here  is  consequence  B.  You  could  do  it  indirectly.  There  is  tremen- 
dous indirect  influence  in  terms  of  understanding  the  behavior  of 
our  economy  better,  and  as  I  indicated,  the  proof  of  the  pudding  is 
in  the  eating,  and  it  is  not  by  sheer  chance  that  the  U.S.  economy 
has  performed  so  much  better  in  the  last  40  years  than  it  did  in 
the  prior  100  years. 

But  that  connection  is  very,  very  remote  and  indirect.  So  the 
tendency  of  the  hard  scientists  who  dominate  NSF  to  look  down  on 
the  soft  scientists  because  of  the  nature  of  their  disciplines,  and  the 
tendency  of  the  public  to  deprecate  the  softness  and  the  uncertain- 
ty m  the  science,  and  finally,  the  difficulty  of  finding  the  connec- 
tion between  cause  and  effect  in  the  social  sciences  all  contribute 
to  this. 

Finally,  I  have  to  say  that  social  science  was  probably  overrated 
lor  a  while  in  the  late  sixties.  We  Imd  8  years  of  continued  econom- 
ic expansion  without  interruption,  and  economists  began  to  take 
more  credit  than  the^^  should  have.  There  was  a  general  view 
around  in  the  days  of  the  Great  Society  program  that  if  you  did  a 
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Siece  of  social  research,  you  could  design  prt^ams  that  worked, 
are  Tinding  that  that  was  not  quite  as  easy  and  quite  as  obvi- 
ous, so  there  was  a  reflection,  a  reaction  to  this,  I  have  to  say. 

Now,  I  think  it  has  gone  far  too  much  the  other  way,  and  all 
those  four  things,  I  think,  contributed  to  the  problems  we  have. 
Mr,  Walgrkn.  Mr.  Gorham? 

Mr.  GoRMAM,  I  sul:^ribe  to  everything  that  has  be**n  said  before 
me.  I  would  elaborate  just  for  a  moment  on  Herb  Simon's  represen- 
tation in  the  highest  NSF  councils  by  social  scientists. 

Basically,  when  you  talk  about  the  products  or  the  benefits  to  so- 
ciety of  science  versus  social  scienre,  hard  science,  you  are  talking 
irfxiut  incommensurables;  vou  are  talking  about  things  that  have 
no  way  of  being  compared.  They  depend  on  the  values.  They  are 
political  decisions.  Therefore,  you  must  have  political  power  at  the 
table.  That  should  be  very  easy  for  Congress  to  understand,  that  if 
you  need  political  power,  you  have  to  be  sitting  at  the  table  in 
those  decisions. 

At  the  NSF,  allocative  decisions,  if  there  are  not  at  the  first  in- 
stant when  the  proposals  are  being  made,  if  there  are  not  sitting  at 
those  tables  people  who  understand,  represent,  and  are  in  favor  of 
social  science,  it  is  not  going^to  receive  its  fair  shake. 

Secondly,  I  think  we  suner  in  social  science,  much  more  than 
hard  science,  from  what  I  will  call  the  Proxmire  complaint,  after 
Portnoy's  complaint.  The  Proxmire  ci^mplaint  is  that  you  can  go 
through  a  list  of  social  science  projects  and  you  can  find  the 
damnedest  things  that  are  being  studied  just  by  the  title  of  them. 
They  may  be  perfectly  justified,  but  they  are  an  object  of  ridicule. 

Now»  science,  since  it  is  not  understood  by  the  public,  has  a  com- 
parable set  of  things,  but  people  do  not  understand  the  language  at 
all;  it  is  not  English  to  the  average  public.  So  Proxmire,  in  his  good 
years  in  Congress,  did  not  have  a  list  of  hard  science  projects. 

So  what  I  am  really  saying  is  that  there  is  a  bum  rap.  But  under- 
neath that  bum  rap  is  sort  of  the  basic  fact  that  90  percent  of  the 
work  that  is  supported  is  not  going  to  yield  any  practical  or  useful 
results.  It  may  not  yield  any  theoretical  results.  It  is  the  nature  of 
this  enterprise  that  a  lot  of  it  is  failure;  a  lot  of  it  is  going  down  the 
wrong  alley.  That  is  what  you  buy.  You  have  to  buy  into  a  system 
in  which  a  great  deal  of  it  is  failure,  is  not  achieving  objectives, 
or — ^ 

Mr.  Wau^ren.  That  is  no  different  than  the  hard  sciences,  I  am 
sure,  in  fact. 

Mr.  Gorham.  No,  it  is  not.  That  is  comparable  for  both,  exactly. 

Mr.  Walgren,  In  fact  maybe  even  more  so  for  the  hard  sciences. 

Mr.  Gorham.  But  in  the  hard  sciences  there  is  a  tradition — in 
the  very  hard  sciences— of  saying,  I  don*t  know  if  this  is  ever  going 
to  be  any  good  to  anybody,  and  I  don't  care.  Social  scientists  don't 
have  the  power,  the  hutzpa,  to  be  able  to  say  that.  Mc»t  of  them 
are  forced  into  taking  what  they  are  doing  and  trying  to  connect  it 
to  some  reality,  and  sometimes  it  is  so  ol^ure,  it  is  not  believable. 

Mr,  Walgren.  Thank  you. 

The  ^nUeman  from  Oalifornia,  Mr.  Brown. 

Mr,  Brown.  Gentlemen,  I  would  just  offer  a  word  of  caution 
about  your  seemingly  united  view  that  the  structure  of  the  NSF  is 
the  cause  of  the  low  budget.  We  may  have  a  chicken-and-egg  situa- 
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tion  here.  Of  course,  I  recall  clearly  the  drastic  cutbacks  in  funding 
in  the  early  eighties,  and  I  suspect  that  when  you  had  pn^ams 
that  did  not  have  any  money,  you  did  not  need  assistant  directora 
to  run  them.  If  you  have  a  prc^am  that  has  got  a  lot  of  money, 
you  will  get  assistant  directors  to  run  them. 

The  question  that  I  would  really  like  to  ask  is,  to  what  degree 
can  you  enlighten  us  as  to  other  soun^  of  support  for  research  in 
the  areas  that  you  represent?  For  example,  the  degree  to  which 
there  is  mission-related  research  in  other  areas  such  as  Defense, 
which  used  to  have  a  v^rous  social  science  research  prq^ram. 
Health  and  Human  Services^  law  enforcement,  all  of  which  would 
seem  to  have  a  legitimate  demand  to  support  certain  research. 

And.  secondly,  to  what  d^rree  has  there  been  an  increa^  or  de- 
crease in  research  support  from  the  private  sector?  Again,  you  can 
make  a  strong  case  that  relevant  social  science  research  would  be 
beneficial  in  terms  of  market  planning,  whatever  other  excuse  you 
want  to  use.  Obviously,  more  enlightened  policy  decisions  in  the 
private  sector  lead  to  greater  profitability,  and  some  of  the  changes 
that  we  see  developing  in  our  industrial  structure  with  r^ard  to 
productivity  are  fundamentally  l^sed  upon  a  more  enlightened  un- 
derstanding of  how  peoplt  work  in  organizations,  which  is,  I  would 
think,  a  researehable  subject.  Some  of  the  examples  that  you  have 
given  point  to  some. 

Dr.  Simon.  Go  ahead. 

Mr.  ScHULTZE.  I  am  trying  briefly  to  do  my  homework. 
Let  me  simply  note,  without  even  trying  to  summarize,  that 
there  is  a  useful  discussion  of  at  least  some  of  the  things  you  sug- 
gested, Mr,  Congressman,  in  an  appendix  to  the  National  Kesource 
Council  report  on  the  behavioral  and  social  sciences, 

Mr.  Bkown.  You  are  motivating  me  very  highly  to  read  that 
report  myself, 

Mr.  ScHULTZE,  That  is  right.  Well,  it  might  help  if  you  started  at 
the  end  here  to  answer  that  question,  (Laughter  ] 
Mr.  Brown,  All  right, 

Mr.  ScHULTZE.  First,  what  I  can  tell  you  is  a  little  bit  of  impres- 
sionistic view  of  the  support  coming  from  another  major  souree, 
namely  some  of  the  large  foundations  wh"  typically  have  supported 
social  science  research.  I  do  not  have  the  numbers,  but  my  impres- 
sion is  that,  if  you  adjust  for  inflation,  that  that  support,  over  the 
past  25  years,  has  t«  nded,  I  think,  gradually  down.  Now,  it  may 
have  leveled  off  recently;  I  am  not  sure.  But  my  impression,  for  ex- 
ample, comparing  the  mid-  to  late  1960s  with  the  current  time, 
that  suMort  is  much  le^  generous,  and  there  has  been  a  m^yor 
source  of  support  because  it  has  1^  strings  attached  to  it. 

If  you  get  outside  of  NSF,  going  to  the  Federal  Government  for 
research  support  has  some  disadvantages  in  terms  of  the  strings  at- 
tached to  it;  that  the  prc^am  administratore,  naturally,  in  the 
Federal  Government  want  to  specify  very  carefully  what  they  want 
you  to  do,  and  you  have  much  less  freedom,  although  maybe  Bill 
Gorham  <^n  speak  to  that  better  than  I  <  an. 

So  NSF  support  is  tremendously  important  precisely  because  it 
is,  in  a  senro,  much  more  general,  much  less  tied,  and  partly  be- 
cause it  is  basic.  So  it  doesn't  answer  your  question,  but  it  gives 
you  some  sense. 


37  V 


366 


Dr.  SiMOM.  May  1  add  a  few  words  to  that? 

First,  with  respect  to  the  foundations,  I  am  quite  sure  Mr. 
Schultze  is  right.  They  have  turned  much  more  to  tn^ing  to  affect 
human  affairs — that  is.  action  prc^rams— and  away  from  the  sup- 
port of  basic  r^arch  to  a  sutetantial  extent,  and  I  think  there  has 
been  a  downward  drift  of  support  for  social  science  research  and 
particularly  for  basic  research. 

As  to  the  NSF  role,  NSF  accounts  for  about  a  quarter  or  a  little 
more  than  a  quarter  of  the  total  basic  social  science  research  but  a 
very  small  fraction  of  the  applied  research,  2  or  3  percent.  So  there 
are  indeed  other  agencies,  many  other  agencies.  With  respect  to 
basic  research,  the  other  big  supporter — I  don't  know  whether  it  is 
suiprisingly  or  not— is  the  Smithsonian  Institution. 

Now,  of  other  agenda  one  might  look  to — for  example,  at  one 
time  NIMH  was  a  major  supporter  of  basic  as  well  as  applied  social 
science  research.  Its  functions  have  Dea)me  much  narrower  over 
the  years  and  much  more  pointed  at  applied  problems,  at  immedi- 
ate application  of  problems,  and  I  think  the  same  could  be  said  of 
the  other  end-use  ^encies. 

So  the  particular  need  that  exists  today  is  a  need  for  making 
sure  that  that  foundation  is  in  place  of  basic  research,  rm^izing 
that  in  the  ^ial  sciences  basic  research  is  not  necessarily  as  far 
from  application  as  it  is  in  many  of  the  natural  science* 

Mr.  Brown.  Mr.  Chairman,  I  have  no  further  questions  to  ask  of 
this  i^el. 

Mr.  Walgren.  Thank  you,  Mr.  Brown. 

The  gentleman  from  New  York,  Mr.  R)ehlert, 

Mr.  BoEHL£RT.  I  would  like  to  ask  all  the  panelists  a  two-part 
question.  NSF  right  now  is  talking  about  expanding  its  behavioral 
had  social  sciences  funding  by  making  it  a  feature  of  Foundation- 
wide  initiatives  like  global  change. 

That  prompts  two  questions:  one,  is  this  the  right  approach? 
And,  two,  will  this  allow  the  behavioral  and  social  science  to  set 
the  right  research  prioritira? 

Dr.  Simon.  I  happen  to  be  involved  in  a  somewhat  peripheral 
way  at  the  present  moment  in  the  response  of  the  National  Acade- 
my of  Sciences  to  a  request  G-ora  this  CJougress  for  a  study  of  the 
greenhouse  effect,  which  is  part  of  our  global  change. 

It  is  true  that  there  is  a  very  important  social  science  component 
to  social  change,  namely,  what  are  its  consequence  for  human 
beings  and  how  do  we  react  to  those  consequences;  what  policy  op- 
tions are  present?  Thc»e  problems  are  not  really  very  addressable 
until  we  get  much  farther  along  on  the  questions  of  what  the 
global  changes  are  going  to  be.  The  evidence  on  that  is  still  in  an 
extremely  chaotic  state, 

I  have  heard  the  word  '*hard  sciences"  here  this  morning.  I 
prefer  to  use  the  word  "natural  sciences*'  because  they  are  far  from 
hard  as  soon  as  you  walk  outside  of  a  laboratory  into  the  laborato- 
ry of  nature  and  worry  about  hc^  you  apply  those  hard  ^iences  to 
really  complex  problems  like  the  problem  of  what  is  happening  to 
our  atmosphere  and  our  environment.  They  get  exceedingly  soft  at 
exactly  that  point. 

For  that  reason,  I  do  not  think  that  very  much  of  the  social  sci- 
ence budgeting  in  NSF  can  profitably  be  channeled  thiough  Uiese 
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routes  in  the  coming  years.  What  we  need  is  basic  support  for  basic 
understanding  about  human  beings  as  individuals  and  in  our  socie- 
^SF^    ^^^^  ^  ^^^^  ^  little  of  from  the 

There  are  not  merely  soft  truths  in  the  social  sciences;  there  are 
some  thmgs  we  are  learning,  that  we  are  learning  very  well  and 
very  precisely,  and  which  are  ^ing  to  get  softer  when  we  apply 
them  to  complex  social  issues,  just  as  natural  science  knowledge 
gets  softer  when  they  try  to  deal  with  what  the  oceans  are  doing 
and  what  the  itmcephere  is  doing. 

Mr.  GoKHAM.  I  agree  with  Dr.  Simon  on  not  trying  to  make  be- 
lieve that  by  stating  important  national  objectives  or  global  issues 
that  we  divert  attention  from  the  fundamental  purposes  of  NSF. 

However,  I  would  just  point  out  a  bit  of  history.  Jim  Shannon 
made  of  NIH  something  from  a  peanut  into  a  mountain,  and  the 
way  Jim  Shannon  did  that  was  that  he  was  interested  in  basic  bio- 
logical sciences.  The  way  in  which  he  got  political  support  for  in- 
creasing basic  biological  science  from  virtually  nothing  to  billions 
of  dollars  was  by  creating  institutes  named  after  diseases. 

In  point  of  fact,  the  way  in  which  money  was  allocated  at  NIH 
had  very  little  to  do  with  th(^  diseases,  but  because  the  packages 
were  named  aft«r  diseases  that  could  easily  be  identified,  people 
began  to  say,  yes,  of  course,  do  you  want  to  put  the  money  for 
cancer  down?  The  money  for  cancer  has  got  to  go  up. 

But  if  you  looked  at  what  the  Cancer  Institute  did.  it  did  an 
enormous  amount  of  fundamental  biological  research.  Indeed,  once 
the  monies  for  the  particular  disease-centered  institute  were  given, 
they  could  then  reshuffle  them,  and  you  could  be  placed  under  any 
institute,  if  you  were  a  recipient,  which  happened  to  have  the 
money. 

xtIJ?^'  ^  because  the  fact  of  the  matter  is  that  if 

NbF  began  to  organize  their  work  around  sort  of  the  equivalent  of 
their  "diseases,"  they  might  find  that  the  public  and  the  Congress, 
following  the  public,  would  be  much  more  willing  to  see  very  sub- 
stantial increases  in  those  budgets,  because  they  just  attach  the  in- 
crease to  the  problem  of  concern. 

Mr.  BOEHLKRT.  Are  you  suggesting,  then,  that  perhaps  the  behav- 
ioral and  social  sciences  need  a  better  marketing  program? 

Mr.  GORHAM.  That  is  exactly  what  Jim  Shannon— Jim  Shannon 
was  a  brilliant  marketer/scientist. 

Mr.  BoKHLERT.  Mr.  Schultze? 

•       ^To^^*^^"  ^  j"®^  thought  that  if  we  had  the  Depression  Divi- 
sion at  NSF,  you  could  have  Ixith  behavioral  science,  internal  de- 
pression, and  economists  working  together. 
Mr.  GoHHAM.  Right,  exactly.  [Laughter.] 

Mr.  St-HULTZE  I  think  a  Prosperity  Division  would  be  better  than 
a  Impression  Division. 

Dr.  Simon.  But  I  should  point  out  that  the  NSF,  which  is  orga- 
nized primarily  by  scientific  disciplines  and  not  in  these  more  mar- 
ketable, as  we  call  it,  ways,  has  in  fact  gotten  very  strong  support 
from  the  CongreiKj  in  recent  years  and  has  had  a  very  fine  increase 
m  its  budget. 

Mr.  BoEHUSRT.  Stronger  support  from  the  authorizing  committee 
than  the  appropriating  committee. 
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Mr,  GoHHAM.  Inevitably. 

Ih-.  Simon.  That  is  true,  I  guess. 

But  the  social  sciences,  organized  in  exactly  the  same  way,  have 
not  shared  in  that  pn^perity,  and  so  I  think  there  is  more  than 
this  marketing  problem  for  basic  science,  I  think  there  is  a  specific 
problem  of  persuading  you  and  the  others  who  are  decisionmakers 
in  this  society  that  social  science  is  good  science,  and  it  has  some- 
thing to  offer  for  the  society, 

Mr.  BoEHLERT.  Well,  we  have  come  a  long  way.  I  can  recall  the 
days  before  I  came  here — I  am  in  my  seventh  year  now;  I  was  a 
staff  member  for  a  number  of  years — that  when  NSF  was  on  the 
floor,  we  would  always  have  the  latest  report  from  the  Golden 
Fleece  Club,  and  there  would  be  a  lot  of  controversy,  and  there 
were  some  diehards  that  would  continually  oppose  NSF. 

Now  I  am  pleased  to  say,  thanks  in  lai^  measure  to  the  work  of 
this  committee,  when  the  NSF  authorization  bill  is  on  the  floor, 
there  is  near-unanimous  support  and  appreciation  for  the  work 
that  is  being  done  in  all  disciplines.  Obviously,  some  are  being 
short-changed,  as  you  feel. 

Thank  you,  Mr.  Chairman 

Mr.  Walgren.  Thank  you,  Mr.  Bi^hlert. 

Mrs.  Morella? 

Mrs,  Morella.  Thank  you,  Mr.  Chair ma?L 

I  am  just  curious  about  the  NSF-funde<i  data  bases.  How  imFXJr- 
tant  are  they  to  the  work  of  social  scientists?  And  are  they  being 
kept  up? 

Mr.  GoRHAM.  They  are  the  lifeblood  of  the  social  scientists,  is 
what  they  are.  The  evolution  of  data  bases  like  the  PSID,  the 
income  dynamics  panel,  is  the  material  from  which  social  scientists 
can  understand  the  world.  NSF  support  for  basic  data  collection 
and  data  collection  methods  could  not  be  more  fundamental  to  ad- 
vancement of  our  understanding. 

If  I  had  one  vote  to  cast  or  ten  votes  to  cast,  I  would  cast  every 
vote  for  increases  in  data  base  spending.  It  is  hard  to  waste  money, 
given  our  current  sophistication,  on  the  kind  of  data  that  is  needed. 
There  is  a  long  queue  of  things  that  are  needed.  Almost  all  of  it 
would  have  very  high  payoff. 

Let  me  give  you  one  example,  which  is,  we  have  a  cycle  o^  pover- 
ty. That  means  the  children  somehow  follow  the  parents  ini;o  pov- 
erty. But  we  do  not  really  understand  exactly  why  that  happens, 
why  some  children  do  not  and  some  children  do.  If  we  had  a  longi- 
tudinal data  base  of  children  in  poverty,  we  would  be  able  to  un- 
derstand thc^  key  decision  points  in  which  some  children  go  right 
and  some  children  go  wrong  and  focus  on  those. 

Mrs.  Morella.  Thank  you. 

Mr.  ScHULTZK,  Could  I  just  add  a  little  bit?  I  am  carrying  coals  to 
Newcastle,  I  am  sure,  but  what  is  terribly  important  for  both  busi- 
nei^  firms,  on  the  one  hand,  and  individuals  and  families,  on  the 
other,  are  longitudinal  data  bases. 

Now,  for  many  years  social  scientists  worked  principally  with 
what  we  call  time  series.  You  just  get  data  over  time  on  some  ag- 
gregate— sales,  GNP,  mcome.  Secondly,  snapshots,  cross-sectional 
data,  like  a  census. 
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But  it  turns  out  the  use  of  either  of  those  is  subject  to  severe  lim- 
itations because  what  you  cannot  trace  is  the  same  firm  or  the 
same  individual  over  time  and  look  systematically  as  you  group 
them  at  the  re«ponfi«s8  to  various  developments. 

Now,  over  the  past  20  years,  with  important  NSF  support,  those 
are  being  developed,  but  there  is  a  long  way  to  go.  Let  me  give  you 
two  areas.  One,  leveraged  buyouts,  mergers  and  acquisitions.  A  tre- 
mendous issue  of  public  policy.  If,  over  the  years,  we  had  had  a 
good  longitudinal  data  file  on  firms,  particularly  their  financial 
data  and  their  results  by  way  of  profits,  sales,  we  could  l^n  to 
tell  people  much  more  than  we  now  can  what  have  been  the  conse- 
quences for  good  or  for  ill,  or  some  good,  some  ill,  broken  out  differ- 
ent ways.  We  make  stabs  at  it,  and  we  are  working  at  it,  but  we 
could  use  data  there. 

Secondly,  while  there  is  data,  much  more  data  of  a  longitudinal 
nature  would  be  helpful  to  deal  with  the  following  question:  In  the 
United  States,  which  never  was  a  high  saving  country,  the  rate  of 
private  saving  in  the  last  6  years— really,  it  started  down  in  197r>— 
I  say  collapsed,  but  that  is  a  little  dramatic— but  has  come  down 
very  substantially,  and,  my  gosh,  combined  with  the  Federal 
budget  deficit,  it  has  made  us  a  pitifully  low  saving  Nation. 

But  the  best  research  I  know  of,  using  mainly  time  series  or 
crras  sections,  has  been  unable  to  give  us  any  kind  of  really  good 
insight  into  why  that  private  saving  rate  did  collapse.  I  can  tell  you 
15  reasons  that  I  have  seen  cited  and  probably  knock  down  15  of 
them.  But  we  could  again  do  very  practical— it  is  basic,  on  the  one 
hand,  because  you  have  got  to  know  something  about  how  the 
system  works,  but  it  has  tremendous  fairly  quick,  I  think,  payoffs 
by  way  of  better  understanding  for  the  Congress  and  the  Executive. 

Those  are  two  examples  of  where  that  kind  of  data  

Mrs,  MoREUJV.  And  polling  only  reflects  a  snapshot  of  the 
moment,  then.  Is  that  what  you  are  saying? 

Mr.  ScHULTZE.  I  am  saying — — 

ivirs.  MoKELLA.  Polling,  to  do  sample  polling,  let's  say,  of  savings 
and  

Mr.  ScHULTZK.  If  you  only  do  it  once.  What  you  have  to  do  is  fol- 
lowing the  same  sample  of  families  or  firms  over  many,  many 
years.  There  is,  for  example,  one— I  am  not  terribly  familiar  with 
it— but  one  that  has  followed  high  school  graduates  from  1972  on, 
getting  data.  They  have  data  on  the  parents'  income  and  back- 
ground. They  now  have  data  on  their  employment  record  and 
wages,  and  we  are  beginning— I  have  seen  some  very  interesting 
work  in  terms  of  saying  what  do  colleges  contribute  to  education, 
what  aspects,  what  majors  that  people  take;  what  do  their  grades 
do? 

So  when  you  can  trace  individuals  over  a  period  of  time,  or,  con- 
versely, firms,  you  can  learn  much  more  than  you  can  by  asking  a 
poll  and  then,  6  months  later,  3  years  later,  asking  a  completely 
different  group  oi  '»?ople  the  same  questions.  It  is  not  the  same 
thing. 

Mrs.  MoRELL,'i.  Thank  you. 

Did  you  want  to  comment,  Dr.  Simon,  or  do  you  just  jissociattj 
yourself  with  their  remarks? 
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Dr.  Simon.  Just  briefly.  I  think  every  report  on  NSF  and  its  re- 
search, when  asked  what  needs  to  be  expanded,  has  put  a  very 
high  priority  on  the  data  basc^i  and  for  the  reasons  that  have  been 
stated  here. 

There  is  one  auxiliary  thing.  There  has  been  concern  from  time 
to  time  about  the  data  bases  and  the  relation  to  privacy  in  our  soci- 
ety. One  of  the  important  methodolcmcal  advances  in  behavioral 
sciences  has  been  to  find  ways  in  which  samples  can  be  traoed  over 
years  without  ai^y  dai^rs  of  disclc^ure  of  information  upon  indi- 
viduals, and  cooperative  systems  whereby  Federal  sources  of  data 
can  be  tapped  with  th(x»  assurances  of  privacy. 

Those  kinds  of  technical  advances  in  the  way  we  handle  data  and 
the  way  we  face  the  other  needs  of  the  society  make  it  more  at  ac- 
tive than  ever  to  really  try  to  build  up  a  data  base  of  understand- 
ing of  what  is  happening  in  our  society, 

Mrs.  MoRELLA.  And  it  makes  it  even  more  important  to  ade- 
quately maintain  and  have  quality  assurance  in  it,  too,  and  I  would 
imagine  that  you  would  all  answer  yes  if  I  said,  is  that  proceeding 
correctly?  So  1  will  not  ask  it.  [Laughter,] 

Thank  you,  Mr,  Chairman. 

Mr.  Walgren,  Thank  you,  Mrs.  Morelia. 

The  gentleman  from  North  Carolina,  Mr,  Price. 

Mr.  Price,  Thank  you,  Mr,  Chairman. 

I  am  certain  that  all  of  you  have  heard  the  accusation  from  time 
to  time  that  Facial  science  pretty  much  amounts  to  organize 
common  sens'  ,  so.  Dr.  Simon,  I  was  especially  interested  in  your 
comments  and  Mr.  Schultze's  as  well,  that  social  science  findings  in 
fact  often  are  counter-intuitive  and  often  fly  in  the  face  of  what 
passes  for  common  sense. 

It  leminds  me  of  a  se^ion  I  was  a  part  of  last  week.  As  you  may 
know,  the  Library  of  Congre^  has  been  organizing  a  series  of  sym- 
posia in  honor  of  the  Congress'  200th  anniversary,  and  the  organiz- 
mg  theme  for  those  discussions  has  been  "Knowledge  and  Power  " 

I  was  privileged  to  comment  last  week  on  a  paper  which  Alan 
Schick  had  put  together  on  the  kinds  of  knowledge  that  Congress 
and  policymakers  in  general  find  it  useful  to  work  with.  He  drew  a 
contrast  between  what  he  called  ordinary  knowledge,  what  I  guess 
is  sometimes  called  the  conventional  wisdom,  and  policy  research, 
and  his  conclusion  was  that  policy  research  often  fared  rather 
poorly  when  it  conflicted  with  the  tenete  of  ordinary  knowledge. 

The  conclusion  that  he  drew  was,  first,  that  it  was  important  to 
push  forward  with  convincing  and  clear  policy  research,  but  also 
that  it  was  important  for  those  engaged  in  policy  research  to  take 
very  seriously  the  task  of  translating  that  research  into  usable 
terms,  into  terms  that  could  influence  policy  debate.  Incidentally, 
Mr,  Gorham,  he  gave  the  Urban  Institute  very  high  marks  for 
doing  just  that. 

I  wonder  if  you  could  reflect  on  that.  How  do  we  promote  the 
use,  the  d'ssemination,  of  the  knowledge  that  social  scientists  are 
generating?  Have  we  done  a  good  enough  job  of  making  this  policy 
research  accessible  and  usable?  Could  you  reflect  on  that,  b^ause 
we  do  face  a  problem  here,  I  think,  that  is  widely  recognized. 

Dr.  Simon.  I  might  comir'^nt  on  just  one  aspect  of  that.  I  think 
the  comment  was  made  earlier,  and  I  don't  remember  whether  it 
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was  I  jorham  or  Mr.  Schultoe  who  made  it,  ti*at  a  great  deal  of 
our  Ui  of  social  science  com^  through  its  dHfusion  very  broadly 
tJuoug^i  the  population  and  thiou^  institutions  in  our  society.  Mr. 
Brown  mentioned  the  use  by  private  organizations  of  social  science 
information  in  their  marketing  and  their  other  activities.  I  think 
that  is  v^  important 

"nierefbre,  it  becomes  vitally  important  to  get  a  level  of  under- 
standing of  these  matters  in  a  broad  slice  of  the  population 
throu^  their  own  educational  experiences.  One  of  the  real  prob- 
lems in  doing  that  is  that  students  are  almost  eiqiosed  not  at  all  to 
modem  social  sciences  today  until  they  reach  college  level.  The 
voung  person  thinks  he  wants  to  become  a  scientist,  for  example; 
he  or  sne  can  learn  all  about  physics,  chemistry,  biology,  but  not 
about  social  sciences,  with  rare  exceptions. 

It  seems  to  me  that  one  of  the  thuigs  we  might  lock  to  when  we 
are  talking  about  improving  science  education  in  our  society  is  im- 
proving social  science  education  so  that  the  findings  of  social  sci- 
ence have  meaning  to  a  wider  circle  of  people  in  our  society  ;uid 
can  enter  into  pubuc  discu^ion. 

Most  of  the  kinds  of  polity  recommendations  that  social  science 
provider  are  the  kinds  of  things  that  go  into  the  political  arena  and 
that  go  into  l^islative  or  rq^ilatory  discuimion,  and  many  mor« 
people  than  the  mcial  scientists  have  to  understand  them. 

Mr.  Pbick.  a  related  q[uestion  is  to  what  d^ree  we  find  within 
the  social  sKience  disciplinesi  themselves  some  resistance  to  applied 
work.  I  know  from  personal  involvement  in  setting  up  a  public 
policy  department  which  drew  from  political  science  and  economics 
and  social  science  and  other  discipline  that  many  academics  wel- 
comed the  addition  of  such  a  department,  such  a  m^or;  others  re- 
sisted it  It  does  seem  to  me  that  there  has  been,  at  least  in  the 
past,  some  ambivalence  within  the  disciplines  themselves  about 
this  translation  into  practical  and  applicable  terms. 

Ur.  Simon,  you,  of  course,  are  very  properly  addressing  the  broad 
public  awareness  of  some  of  these  matters.  I  chink  we  are  also  talk- 
mg  about  the  kinds  of  people  we  are  training  and  the  kind  of  re- 
search that  they  are  inclined  and  cnmuraged  to  do. 

Mr.  ScHULTZK.  You  are  exactly  right  In  fact  I  had,  myself,  been 
worried  within  the  economics  profe^ion,  at  least,  of  the  tendency 
for  all  of  the  promotion  incenti\^  at  the  m^or  DeF^rtments  of  Ec- 
onomics in  the  b^  universitira  to  go  toward  publishing  very  tech- 
nical, very  abstract  work,  much  of  which  is  ne<%!^ry  at  times,  but 
virtually  all  of  the  effort  was  going  in  that  direction,  if  I  can  exag- 
gerate a  little  bit,  and  people  who  wanted  to  do  applied  or  policy 
work  had  to  worry  about  their  own  future. 

That,  I  think,  fmally  is  tumii^  around  some  If  you  look  at  wme 
of  the  brightest  younger  stars  in  the  economics  prof^ion,  many  of 
them  at  an  early  age  now  are  coming  up  and  doing  applied  and 
policy  work  of  a  very  good  type. 

T^e  Americ8:i  Economic  Association  has  begun  to  publish  a  jour- 
nal which  is,  in  effect  a  translation  joumEd.  It  is  called  the  Journal 
of  Economic  Perspectives,  precisely  to  bridge  between  the  highly 
technioil,  highly  abstract  work  and  the  understanding  not  merely 
of  the  public  but  of  the  broad  bulk  of  the  profession,  many  of  whom 
do  not  specialize  in  some  of  th^e  narrow  areas. 
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So  I  think  you  point  to  what  was  and  still  is  a  serious  problem  of 
a  Irck  of  attention  and  a  lack  of  promotion  incentives  within  uni- 
versities toward  doing  applied  and  policy  work,  but  I  think,  also, 
there  are  bc^ful  signs  that  that  is  turning  around. 

Blr.  GoBHAM*  Just  to  add  a  word,  I  think  that  probably  we  have 
to  satisfy  ourselves  that  a  great  deal  of  the  work  that  is  being  done 
will  never  be  interesting  to  the  public.  In  my  organization,  which  is 
a  police-oriented  organization,  we  work  on  prdblems.  We  talk  about 
the  homeless  and  ttie  medically  uninsured.  Th(^  are  things  that 
the  man  on  the  street  would  understand* 

But  even  there,  so  much  of  the  work,  the  product,  is  intermedi- 
ate; it  is  not  finfid.  The  interm^iiate  product  is  not  interesting  to 
the  public.  So  there  will  always  be  a  bulk  that  is  going  to  be  not 
interrating  no  matter  how  talented,  no  matter  how  much,  as  Red 
Smith  says,  little  beads  of  blood  come  on  the  head  when  they  try  to 
write  it  to  be  interesting. 

But  the  point  I  would  make,  though,  is  that  the  media  has 
changed  a  lot,  and  the  media,  at  least  the  mcKiia  from  the  high* 
quality  media,  is  really  gettia^  very  good  it  tappingthe  policy  re- 
search organizations  and  drawing  it  into  the  public.  The  news  mag- 
asdnes,  all  of  the  news  magazines,  and  some  of  the  better  television 
pn^rams  really  are  pulling  from— th^  are  giving  a  tremendous 
assist  to  the  policy  work  that  is  being  done  around  the  country. 

Unfortunately,  it  may  be  a  Wadxington  jphenomenon  that  we 
thirk  it  is  much  better  than  it  is.  It  is  harder  to  find  in  Topeka. 
But  programs  like  "All  Things  Considered"  do  cover  an  interesting 
array  of  public  policy,  and  that  does  go  all  over  the  country,  and  it 
does  get  a  good  following. 

Mr.  Price.  All  three  of  you  helped  us  considerably,  I  believe,  by 
the  specificity  of  your  testunony.  All  of  you  concentrated  on  specif- 
ic examples  of  research  that  does  feed  into  the  policy  proro^. 

All  OT  you  have  also,  1  am  sure,  been  involved  in  reviewing  NSF 
applications,  reviewing  propose  rewarch.  J  wonder  if  you  could 
give  us  some  indication  of  research  prop<^8  not  funded,  promising 
ideas  that  you  have  seen  go  b^^ging  becaus©  the  support  was  not 
there. 

Related  to  that  is  the  claim  that  we  sometime  hear  that  social 
scientists  often  do  not  submit  proposals  because  they  are  aware  of 
the  low  levels  of  funding  and  do  not  feei  that  their  efforts  in  draw- 
ing up  proposals  are  likely  to  be  rewarded.  Could  you  comment  on 
that? 

Mr.  ScHULTZE.  I  want  to  beg  off  because  I  have  a  inflict  of  inter- 
est, having  several  eminently  marvelous  proposals  from  my  institu- 
tion before  the  NSF,  8/  1  think  I  had  better  not  comment. 

Dr.  Simon.  I  suppo&e  ^he  problem  of  people  not  making  proposals 
because  they  think  there  is  a  very  low  level  of  funding  is  a  prob- 
lem, and  it  is  probably  tha  greatest  problem  in  thi^  i^rts  of  the 
NSF  which  have  the  smallert  funds.  But  when  we  look  at  the  rmec- 
tion  rate,  the  percentage  of  the  propi  sals  that  can  be  accepted  in 
the  NSF,  I  think  there  is  no  lack  among  the  proposals  routinely 
being  submitted  to  the  NSF  among  ones  which  would  make  for 
very  excellent,  top-notch  research  if  the  budgets  were  increased- 

Mr.  Pkicr.  How  do  the  rejection  rates  in  social  sciences  compare 
with  other  areas? 
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Dr.  Simon.  I  don't  have  the  exact  numbers  before  me,  but  I  have 
numbers  in  the  last  month  or  so  which  suggest  that  they  are 
perhafs  about  ten  percentage  points  lower  than  the  average.  But  if 
somebody  has  the  real  figures,  they  had  better  correct  me  on  that. 
They  are  somewhat  lower  than  the  average. 

Ahout  lOyears  ago,  I  was  involved  in  chairing  another  Academy 
"/rii?*!  ^"^y  behavioral  science  programs 

m  the  NSF.  At  that  tm»e  we  went  through  with  a  fine-tooth  comb 
and  sampled  the  actual  applications  and  found  just  very  laige 
numbers  of  excellent  research  projects  that  could  not  be  supported 
at  that  tune. 

Mr.  ScHULTZE.  I  think— I  think— that  there  is  a  selection  process 
gomg  on,  that  the  rejection  rate— I  believe  I  am  right— in  the  eco- 
nomics area  is  about  70  percent.  Now,  I  think  I  am  right  on  that. 

But  that  does  not  mean,  if  the  funding  increased,  that  that  rejec- 
tion rate  would  change  very  much,  because  I  do  think,  over  the 
years,  people  get  to  have  some  sense  of  what  their  chances  are  and 
subimt  that  way.  So  that  there  is  a  plentitude,  I  am  convinced,  of 
important,  rigorous  r^earch  out  there  waiting  to  be  done,  and  I 
am  not  sure  the  rejection  rate,  even  if  it  were  lower,  would  tell  you 
a  lot  about  how  much  good  research  is  out  there  waiting  to  be 
done,  because  people  sense— they  know  they  have  one-third  of  a 
chance;  do  you  or  do  you  not  take  it?  I  am  not  sure  the  rate  is  a 
good  mdieator. 

Mr.  GoRHAM.  Mt^t  of  my  experience  is  with  policy-oriented  work 
and  not  with  basic  research.  On  policy-oriented  work,  there  really 
is  a  dichotomy.  There  is  cheap  work  and  expensive  work.  The 
cheap  work  is  work  that  js  work  on  existing  data  bases,  good  ideas 
m  iK>licy  research  on  existing  data  bases.  I  have  never  seen  a  really 
good  idea  that  could  not  be  funded  on  existing  data  bases.  I  have 
seen  many  wonderful  ideas,  important  ideas,  fundamental  ideas, 
that  required  data  development,  and  they  had  a  great  deal  of  diffi- 
culty because  they  are  expensive,  relatively. 

Mr.  Price.  That  is  very  helpful. 

Finally,  let  me  ask  about  this  focus  on  competitiveness.  That  is 
the  current  bura  word  around  here,  and  of  course,  NSF  it^lf  justi- 
fies many  of  its  budget  requests  in  terms  of  their  ability  to  contrib- 
ute to  our  Nation's  economic  competitiveness. 

I  wonder,  first,  if  you  couid  comment  in  general  on  the  ways 
social  and  behavioral  research  contribute  to  this  national  priority. 
Also,  perhai^,  comment  on  how  comfortable  you  are  with  that  cur- 
rent focus  as  a  rationale  for  the  work  we  are  doing  in  the  social 
and  behavioral  sciences.  Is  it  a  rationale  that  constricts  us  in  ac- 
ceptable or  short-sighted  wa^ns? 

Dr.  Simon? 

Dr.  Simon.  I  gueas  I  would  be  comfortable  if  we  tried  to  focus  all 
or  even  the  major  part  of  our  basic  social  science  research  on  a  par- 
ticular current  hot  issue— productivity,  competitiveness,  or  what- 
ever It  might  be.  We  really  have  to  ask  what  the  i^ues  are  going  to 
je  over  a  longer  period,  and  those  issues  change. 

On  the  other  hand,  there  are,  of  course,  many  very  fundamental 
and  researchable  issues  involved  in  the  productivity.  Just  to  men- 
tion one,  I  think  the  comment  was  made  earlier  that  there  seems 
to  me  a  little  bit  of  evidence  that  a  m^or  part  of  the  productivity 
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problem  has  to  do  with  managerial  styles,  managerial  methods, 
managerial  skill. 

Now,  there  are  numerous  opportuniti^  in  the  world  right  now  to 
study  what  happens  when  you  have  an  organization  which  brings 
two  cultures  tq^ther,  a  Japanese  management  group  in  a  Califor- 
nia automobile  plant,  or  vice  versa^  an  American  group  operating 
in  a  foreign  country,  where  you  can  really  see  what  the  cultural 
differences  are,  where  you  can  really  imderstand  what  effect  they 
have  on  the  management  practices. 

There  is  remarkably  little  research  funded  today  for  doing  that 
sort  of  thing,  I  have  been  able  to  track  down  one  careful  study  that 
is  being  maide  of  the  California  Tojrota-Oeneral  Motors  joint  ven- 
ture. But  there  are  numerous  opportunities  to  substitute  there 
these  casual  opinions  we  have  of  who  killed  Cock  Robin  and  why 
we  are  not  competing  with  a  basic  study  of  what  it  is  that  mak^ 
an  organization  tick. 

I  do  not  see  much  of  that  happening,  and  I  suspect  a  major 
reason  it  is  not  happening  is  bwause  of  the  difficulty  of  funding, 
particularly,  field  research  of  that  kind.  It  is  not  neat  and  clean  in 
the  way  that  laboratory  research  is;  it  is  not  tidy;  and  it  is  expen- 
sive. 

Mr.  Prick.  Mr.  Schultze? 

Mr-  ScHULTZK.  It  is  hard  to  add  to  that.  I  start  \/ith  a  slight  dis- 
advantage because  I  don't  like  the  idea  of  competitiven<ss  as  a  con- 
cept, 50  that  makes  it  a  little  hard  for  me  to  answer. 

That  is,  if  America  had  ateolutely  no  foreign  trade,  we  ought  to 
be  worried  about  the  fact  that  our  productivity  is  not  growing  very 
rapidly-  And  it  doesn't  make  it  any  better  or  any  worse  that  we 
have  more  or  less  foreign  trade  than  we  did  15  years  ago.  So,  wor- 
rying about  the  problem — it  is  important,  not  only  but  very  impor- 
tantly, productivity,  and  we  ought  not  to  be  concentrating  only  on 
our  export  industries. 

Having  said  that,  I  think,  on  the  one  hand,  there  is  a  tremendous 
amount  of  potential  contribution  that  can  be  made  toward  improv- 
ing productivity,  but  only  indirectly,  as  we  learn  more  and  more 
about  the  relationships  in  particular  between  firms  and  workers, 
about  organizational  problems  and  what  does  and  does  not  make  a 
"successful,"  organizational  response.  Ail  of  thos©  sorts  of  things 
are  the  kinds  of  things  that  will  ultimately  feed  in  and  help  us,  bit 
by  bit. 

I  am  a  little  worried  if  we,  however,  b^n  to  direct  our  research 
that  much  by  end  product,  because  very  ohvv  the  best  results  come 
out  of  things  that  surprise  you.  You  learn  not  because  you  went 
out  to  study  competitiveness  or  productivity  but  because  sometliiiig 
somewhat  more  fundamental  about,  for  example,  the  relationship 
betw^n  workers  and  firms  and  how  that  contributes  to  productivi- 
ty, or  whatever  el^e — it  is  going  after  those  fundamental  relation- 
ships and  concerns  and  oi^anizing  your  research  thpt  way  rather,  I 
think,  than  directly,  for  basic  research,  at  least,  organizing  it  by 
productivity  or  whatever  the  current  kind  of  this  year's  problem  is. 

Mr.  GoRHAM,  I  share  Charlie's  concern  about  organizing  life  so 
that  we  compete  better  with  the  Japanese  or  anyone  else.  However, 
I  think,  in  some  aspects  of  our  liv(^  any  goal  that  we  can  use  to  do 
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things  that  are  worth  doing  tor  their  own  values  should  not  be 
thrown  away  lightly. 

I  think  of  education  and  educational  performance  as  a  case  in 
point  We  can  learn  a  lot,  and  we  can  do  a  whole  lot  better.  You 
don  t  have  to  do  a  study  to  figure  that  out.  To  use  the  performance 
of  Japanese  children  in  schools,  I  have  no  pn*lem  with  that,  and 
WB  wiU  be  very  happy  to  attribute  efforts  to  improve  our  education, 
our  educational  systems,  pomting  to  the  need  to  do  so  because  it 
will  help  us  in  our  productivity  and  in  our  performance  economi- 
cally. 

Mr.  Price.  Thank  you  for  «)me  very  helpful  testimony. 

Thank  you,  Mr.  Chairman. 

Mr.  Walghen.  Thank  you,  Mr.  PrLe. 

The  gentleman  from  Virginia,  Mr.  Slaughter. 

Mr.  Slaughter.  No  questions. 

Mr.  Walgren.  Well,  we  could  go  on  for  a  long  time,  and  I  am 
getting  concerned  about  the  other  panels,  but  I  want  to  thank  you 
all  for  being  a  resource  to  us.  We  know  that  we  feel  close  enough  to 
you  that  we  can  get  with  you  and  develop  other  thoughts  that 
might  make  sense. 

So,  on  behalf  of  the  committee,  thank  you  very  much  for  joining 
our  process. 

Let  me  call  the  second  panel:  Dr.  Arthur  Walker,  the  chairman 
of  the  NSF  Advisory  Committee  for  Astronomical  Sciences,  a^oci- 
ated  with  Stanford  University;  Dr.  Paul  Vanden  Bout,  the  director 
of  the  National  Radio  Astronomy  Observatory;  Dr.  Sidney  Wolff, 
director  of  the  National  Optical  Astronomy  Oteervatories;  and  Dr. 
Tor  Hagfors,  director  of  the  National  Astronomy  and  Ionosphere 
Center. 

Gentlemen  and  Dr.  Wolff,  thank  you  very  much  for  joining  us. 
Do  we  have  our  namra  right  down  there?  All  right.  We  appreciate 
your  coming  and  talking  with  us  about  your  various  areas  that  you 
see  and  concerns  that  you  have. 

Written  statements  will  be  incorporated  and  reproduced  in  our 
tranKTipt,  and  they  will  be  available  for  the  people  who  work  with 
these  records,  and  so  you  don't  need  to  *'3el  that  you  have  to  read 
the  whole  written  script.  If  you  want  lo  foci-js  in  some  way  in  your 
oral  testimony  on  points  that  you  would  like  to  undeiscore,  feel 
free  to  do  so. 

Let  me  ask  you,  we  will  go  through  the  group  in  the  order  in 
which  I  introduced  you  to  the  record,  so  we  will  start  with  Dr. 
Walker. 

STATEMENT  OF  DR.  ARTHUR  B.C.  WALKER,  JR..  CHAIRMAN,  NSF 
ADVISORY  lX)MMITrEE  FOR  ASTRONOMICAL  SCIENCES,  AND 
PROFESSOR,  CENTER  FOR  SPACE  SCIENCE  AND  ASTROPHYS- 
ICS. STANFORD  UNIVERSITY 

Dr.  Walker.  Thank  you,  Mr.  Chairman  and  members  of  the  com- 
mittee, members  of  the  staff. 

I  would  like  to  thank  you  for  the  opportunity  to  testify,  and  I 
would  like  to  try  to  address  the  issues  that  the  chairman  men- 
tioned in  his  invitation.  I  would  like  to  start  out  with  a  discu^ion 
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of  the  (Ajcfctivcs  of  the  NSF-supported  research  in  astronomy,  and  I 
would  liike  to  emphasize  several  aspects  of  that  research. 

First  I  would  like  to  emphasize  the  fundamental  importance  of 
astronomy  in  the  discovery  of  basic  physical  law.  Often  we  think  of 
astronomy  as  somewhat  detach^  from  our  usual  concerns,  but  it  is 
important  to  remember,  for  example,  that  Newton  was  trying  to 
understand  an  astronomic^  problem  when  he  discovered  the  laws 
of  gravity,  Hans  Bethe  was  trying  to  understand  the  source  of 
power  for  the  sun  when  he  investigated  thermonuclear  reactions- 

In  astronomy,  it  is  very  important  because  it  presents  us  with 
unique  physic^  problems  and  physical  situations  which  we  cannot 
reproduce  in  the  laboratory.  Astronomy  has  a  very  important  role, 
then,  in  uncovering  ph>^ical  law  in  a  very  basic  way. 

Another  important  role  of  astronomy  is  in  technol(^cal  develop- 
ment. Astronomy  is  a  very  highly  technical  discipline  in  terms  of 
the  obwrvational  techniques.  There  are  many  examples  of  this  con- 
nection between  technolc^  and  astronomy,  reconstruction  of 
images,  development  of  radio  receivers,  development  of  techniques 
for  the  construction  of  large  telescoj^— which,  incidentally,  have 
important  applications  in  defense—development  of  detectors  and 
development  of  techniques  for  x-ray  and  ultraviolet  imaging;  all  of 
these  are  areas  where  astronomy  has  made  important  contribu- 
tions. 

Then  I  would  also  like  to  emphasize  the  role  of  astronomy  in 
education,  and  in  particular  training  of  technical  manpower.  Many 
aspects  of  technical  enterprise  have  astronomy-trained  individuals 
filling  important  roles.  One  can  see  this  just  in  surveying,  for  ex- 
ample, my  own  students,  many  of  whom  have  gone  into  defense- 
related  or  high-tech nolc^-related  areas. 

Another  important  role  of  astronomy  is  in  attracting  young 
people  to  scientific  careers.  I  often  teach  introductory  astronomy 
courses  at  Stanford,  and  I  am  always  surprised  at  how  many  of  our 
students  have  built  or  purchased  their  own  telesco|K>s  and  have  in 
fact  introduced  tJiemselves  to  science  through  astronomy  and  have 
in  fact  chosen  scientific  careers,  not  necessarily  in  astronomy  but 
scientific  careers  in  physics  or  chemistry  or  engineering,  because  of 
their  initial  attraction  to  ^ience  through  astronomy. 

I  think  that  the  NSF  astronomy  division  does  an  outstanding  job 
in  addressing  all  of  these  objectives  But,  unfortunately,  the  re- 
sources available  to  them  are  simply  i  i  adequate  to  the  task. 

I  would  like  to  turn  to  a  discussion  of  the  support  level  first,  and 
I  would  like  to  do  that  by  comparing  the  results  of  the  last  several 
years  of  NSF  s  astronomy  support  with  the  blueprint  laid  down  for 
the  1980s  in  the  last  rei^rt  of  the  National  Academy  of  Sciences' 
Astronomy  Survey  Committee,  chaired  by  Professor  George  Field  of 
Harvard. 

As  you  know,  that  report  laid  out  a  number  of  objectives,  the 
result  of  a  very  careful  selection  among  many  objectivt^  in  astrono- 
my, and  those  objectives  related  to  two  areas:  first,  the  develop- 
ment of  new  facilities,  and  second,  what  the  report  called  prerequi- 
sites  for  research. 

In  the  first  area,  development  of  new  facilities,  I  would  say  the 
record  is  somewhat  mixed.  The  very  large  baseline  array  radio- 
telescope  is  under  way,  although  not  at  an  optimum  pace.  The  pro- 
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poeal  or  priority  for  the  development  of  moderate-size  telescopes  is 
DOW  under  way,  with  partnerships  between  the  NSF  and  univerei- 
ties. 

A  millimeter  wave  antenna  has  been  put  into  operation  recently 
in  Hawaii.  Unfortunately,  perhaps  the  most  important  recommen- 
dation, that  for  development  of  a  large-aperture  optical  telescope, 
has  not  really  moved  forward.  In  fact,  due  to  budgetary  constraints, 
the  National  Optical  Astronomy  Observatories  recently  disbanded 
its  advanced  development  group,  which  was  charged  with  the  de- 
velopment of  a  plan  for  this  new  telescope. 

So,  being  a  profiessor  and  having  a  penchant  for  grading  thin^  I 
would  say  that  perhaps  we  would  deserve  a  B-minus  grade  in 
regard  to  development  of  new  facilities. 

Now,  in  regard  to  prerequisites  for  research,  by  which  the  Field 
report  meant,  for  example,  the  support  of  ongoing  basic  research, 
the  upgrading  and  maintenance  of  our  research  facilities,  the  de- 
velopment of  capabilities  for  computing,  both  for  the  analysis  of 
data  and  for  theoretical  research,  the  development  of  new  technolo- 
gy for  observations,  and  perhaps  most  importantly,  the  support  of 
young  people  entering  the  discipline  of  astronomy,  I  am  afraid  I 
would  say  that  our  record  is  really  quite  dismal. 

The  level  of  budgets  for  all  of  the  physical  sciences  has  been 
level,  takuig  inflation  into  account,  over  the  last  5  or  6  years;  in 
astronomy;  that  level  has  actually  declined.  In  fact,  the  level  of 
support  for  basic  research  in  the  astronomy  centers  and  also  at  the 
universities  declined  someplace  between  15  and  20  percent  in  terms 
of  real  dollars  or  inflation-adjusted  resources. 

This  has  been  masked  to  some  degree  by  the  fact  that  the  con- 
struction monies  for  the  VLBA  are  part  of  the  astronomy  budget, 
and  so  it  would  appear  that  the  astronomy  budget  has  declined 
only  slightly  in  real  terms,  but  in  fact  there  has  been  a  20  percent 
decline  vhtually  across  the  enUre  discipline,  and  this  has  had  dis- 
astrous effects  for  us  over  the  last  several  years. 

There  have  been  almost  yearly  layoffs  at  the  National  Observa- 
tories, so  that  each  of  tht^  ot»ervatories  is  now  very  drastically 
understaffed. 

Maintenance  has  been  deferred  on  all  of  the  National  Observa- 
tories, and  there  are  many  very  aerious  maintenance  problems. 
There  has  been  a  failure  to  start  a  number  of  very  important  new 
programs.  The  National  New  Technolc^  Telescope  has  not  been 
started;  the  solar  global  oscillations  network  program  is  just  barely 
under  way;  a  very  important  upgrade  to  the  l,00{)-foot  telescope  at 
Arecibo  has  not  been  undertaken 

And,  finally,  this  has  had  very  serious  consequence  for  universi- 
ty-based i-esearch.  It  has  resulted  in  a  reduction  of  the  number  of 
researeh  programs  and  cutting  of  the  budgets  of  those  which  have 
been  approved.  This  is  a  very  serious  problem  not  only  for  research 
but  alBO  for  the  support  of  the  education  of  graduate  students. 

It  is  particularly  depressing  because  of  the  enormous  opportuni- 
tira  available  to  astronomy  just  at  this  time.  There  are  several  rea- 
sons for  these  opportunities.  There  has  been  a  very  imnortant  part- 
nership  develop  between  ground-based  and  space-based  observation- 
al techniques.  It  has  led  to  many  new  discoveries,  for  example,  the 
discovery  of  a  very  large  amount  of  hot  gas  in  clusters  of  galaxies. 
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which  represents  as  much  as  half  of  the  visible  matter  in  the  uni- 
verse, and  understanding  of  the  consequences  of  that. 

There  have  been  new  techniaues  developed  such  as  the  study  of 
the  oscillations  of  the  sun  to  aetermine  ^e  internal  structure  of 
the  sun.  And  it  has  also  led  to  the  understanding  of  many  older 

! problems  such  as  the  energy  source  for  quasars.  But,  unfortunate* 
y,  these  opportunities  are  not  going  to  be  available  to  us  unle% 
the  level  of  the  budget  is  increa^. 

A  number  of  new  technologies  have  been  developed,  especially, 
for  example,  the  capability  to  develop  very  large  mirrors.  It  ap- 
pears as  though  those  new  technolc^es  will  be  exploited  not  iirst 
in  this  country  but  in  fact  first  in  Japan  and  Europe, 

Now,  I  would  like  to  turn  to  the  question  of  the  priorities  for  in- 
strumentation in  astronomy.  I  have  set  up  my  own  list  of  prioritiess, 
which  I  think  many  astronomers  would  agree  with  and  which  I 
think  is  consistent  with  the  Field  Committee  report. 

I  think  the  first  priority  would  be  to  go  forward  with  the  develop- 
ment of  two  8-meter  optical  telescopes.  Because  we  have  not  been 
able  to  start  the  new  technolc^  15-meter  equivalent  aperture  tele- 
scope, I  think  an  alternative  plan,  which  has  been  to  develop  two  8- 
meter  telescopes,  has  been  put  forward,  and  I  think  it  is  very  im- 
portant for  us  to  start  on  that  as  wx)n  as  possible. 

It  is  also  very  important  to  go  forward  with  the  Global  Oscilla- 
tions Network  in  order  to  study  the  internal  structure  of  the  sun. 
The  internal  structure  of  stars  is  a  very  fundamental  theory  of  as- 
tronomy, but  it  is  virtually  untested,  and  this  new  technique  of 
studying  the  internal  structure  of  the  sun  by  studying  the  oscilla- 
tions of  the  solar  surface  is  extremely  important  and  will  have  very 
profound  effects  for  all  of  astronomy. 

My  next  priority  would  be  to  go  forward  with  the  development  of 
a  replacement  for  the  hOO-foot  telescope  which  collapsed  in  Green 
Bank,  and  I  would  link  that  to  an  up^ade  for  the  l,()0(>-foot  tele- 
scope at  Arecibo.  These  two  facilities  would  make  a  very,  very  pow- 
erful complement4iry  jset  of  facilities  for  study  of  a  wide  range  of 
problems  in  astronomy,  galactic  astronomy  problems,  including  the 
distribution  of  the  interstellar  matter,  also  the  study  of  a  very 
large-scale  structure  of  the  universe,  which  has  very  important 
consequences  for  our  understanding  of  how  our  universe  evolved. 

The  final  priority  that  I  would  recommend  to  you  would  be  the 
development  of  millimeter  wave  interferometer.  That  is  a  project 
which  is  not  quite  yet  ready  technically.  There  are  two  smaller  in- 
terferometers now  under  construction  through  the  grants  program, 
but  I  think  once  those  have  been  proven,  it  will  be  lime  to  develop 
a  national  facility  which  would  complement,  at  the  shorter  wave 
lengths,  the  very  large  array. 

Now^  each  of  these  first  three  initiatives,  I  think,  is  ready  to  go 
forward  now. 

I  would  like  to  close  by  making  some  comments  on  the  link  be- 
tween research  and  education  in  astronomy.  These  are  very  closely 
linked  because  graduate  students  in  astronomy  are  alm(^t  entirely 
supported  by  research  funds,  mostly  from  the  NSF  and  from 


With  the  cutback  of  the  number  of  grants  and  the  size  of  grants 
as  a  result  of  the  significant  decrease  in  the  effective  spending 
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power  of  the  Astronomy  Division  of  the  Foundation,  many  princi- 
pal investigators  have  had  to  make  the  difficult  choice  between 
supporting  graduate  students  and  supporting  young  rfsearchers 
just  having  received  their  Ph.D.  entering  the  new  profession.  In 
most  cases  the  choice  has  been  to  support  graduate  firt,udents,  but 
you  can  see  that  this  very  difficult  choice  is  bound  to  have  a  devas- 
tating efiect  on  trained  manpower  available  to  astronomy  and 
crther  areas  of  technology  in  the  future. 
So  I  think  that  I  want  to  leave  you  particularly  with  an  under- 
inding  that,  although  we  have  made  progress  in  developing  im- 
portant new  facilities,  the  basic  pn^pram  in  astronomy  is  a  disaster. 
It  has  been  cut  back  severely.  We  have  had  iayoflfe  at  the  National 
CHiservatories,  and  many  very  worthy  grant  proposals  are  not  being 
funded,  and  I  think,  unless  this  is  reversed  immediately,  it  will  be 
many  years  before  we  are  able  to  repair  the  dama^  currently 
being  done  to  the  basic  infrastructure  of  astronomical  research  in 
the  country. 
(The  prepared  statement  of  Dr.  Walker  follows:] 
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Mr.  Chainiian,  Honorable  Members  of  Congress: 

Introductloa:  In  my  testimony  before  youi  Subcommittee  last  year,  I  expressed 
my  concern  that  the  funding  available  to  the  bask  research  programs  in  physical 
saeme  supported  by  the  Nutional  Science  Foundation  over  the  period  1 985-1 98S 
has  been  Cimstant  in  inflation  ad|justed  dollars  (after  a  period  of  growth  between 
1W2  and  Umi  In  my  own  field,  astronomy,  the  inflation  a4jasted  level  of  funding 
has,  in  fact,  c!ecUned.  Unfortunately,  in  spite  of  the  Congressional  endorsement  of 
Mr,  Btodi  s  plan  to  double  NSF  funding  over  the  five  year  period  starting  in  1989 
the  1989  and  1  MO  NSP  spending  plans  have  net  significantly  altered  this  very 
mamung  trend  in  suppcHt  for  the  physical  sciences.  My  remarks  on  the  impact  of 
the  1990  NSF  badget  will  be  directed  primarily  to  astronomy,  as  you  have 
requested,  and  as  appropriate  to  my  own  experience  and  knowledge,  however,  I 
wish  to  emphasire  that  the  issues  raised  by  insufficient  support  of  basic  research 
in  the  physical  scitmces  (and  necessarify.  therefore,  insufficient  support  for 
graduate  education^  tranticend  the  problems  of  the  individual  disciplines, 
(physics,  astronomy,  chemistry,  material  sciences,  and  mathematics). 

In  his  letter  of  mvitation,  Chairman  Walgren  askt  d  that  1  address  six 
issues: 

1    The  objectives  of  the  proposed  NSF  research  prc^am  in  Astronomy 

2.  The  adequacy  of  support  for  Astronomy  by  NSF  in  light  of  the 
national  and  intemationai  reaearch  effort  in  Astronomy 

3.  Current  reseaich  opportunities  in  Astronomy 

4.  The  ways  that  research  in  Astronomy  contribute  to  the  advancement 
of  other  fields  of  science 

5.  Priorities  for  new  astronomical  research  facilities,  with  emphasis  on 
the  replacement  of  the  300  foot  mdio  telescope  at  Green  Bank 

6.  Research  and  ^niucation  programs  in  Astronomy, 
I  will  briefly  comment  on  each  of  these  issues. 

R«wwch  CH^ectivea:  The  staff  of  the  NSF  Division  of  Astronomical  Sciences, 
with  the  aa«stani»  of  the  National  Centers,  and  of  astronomers  from  every  area 
of  our  discipline  who  serve  on  a  variety  of  advisory  committees,  have  developed  an 
exciting  long-range  plan.  We  are  fortunate  to  have  an  excellent  blueprint  for  the 
direction  of  our  discipline  in  the  form  of  the  report  of  the  last  Astronomy  Survey 
Committee  of  the  National  Academy  of  Sciences  (this  panel  was  ably  chaired  bv 
Professor  George  Field  of  Harvard), 

This  report  has  proposed  a  balanced  program  of  new  space  based  and 
ground-based  initiatives,  support  for  theoretical  research,  and  nurturing  of  the 
basic  infrastructure  of  our  discipline,  including  maiiitenance  and  upgrading  of 
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existing  and  highly  productive  facilitius,  support  for  Hiudenta  and  younj: 
aatronomers  entering  the  field»  support  for  the  development  of  new 
inBtnimentation,  and  for  computational  facUitieB.  These  ba^ic  suppurt 
capatntities  were  called  ^^Pnerequisitea  for  New  Research  Initiatives"  in  the  Field 
Committee  Report.  Among  the  priirary  recommendations  for  NSF  supported 
fadlitiea  were: 

1 .  Construction  of  the  Very  Long  Baseline  Array  (VI  ^BA) 

2.  Design  Studies  leading  to  the  co..struction  of  a  National  New 
Technology  Telescope  in  the  15  meter  ciasa  (NNTT) 

3.  Construction  of  a  10  meter  diameter  Millimeter  Wave  Antenna 

4.  The  constniction  of  new  Optical/Infrared  Telescopes  in  the  2-5  meter 


5.  Development  of  1    hniques  and  inslrumeritation  for  advanced  inter 
ferometry  in  the  ratio  infrared  and  optical  regions  of  the  spectrum 

6.  Support  of  studies  for  the  detection  of  gravitational  waves  from 
astronomical  objects. 

The  Division  of  Astronomical  Sciences  of  the  NSF  has  endeavored  to  carry 
out  these  recommendations  to  the  best  of  its  alHlity>  with  some  success.  The  VI.RA 
ia  under  construction  although  at  a  less  than  optimal  pace.  A  millimeter  wove 
antenna  and  two  millimeter  wave  interferomet*  are  in  the  early  stages  of 
operations,  or  in  the  final  stages  of  development  One  3.5  meter  opticaUinfrared 
telescope  is  under  construction  with  some  asMBtance  from  NSF,  and  a  second  is 
in  an  advanced  planning  stage.  Plans  have  ht^^n  put  forward,  within  the  Physics 
Division  of  the  NSF,  to  develop  a  gravitation  1  wave  detector  array.  The  Congrefw. 
and  the  staff  of  the  NSF  deserve  credit  and  our  thanks  for  this  support. 
Unfortunately,  the  single  most  important  ground-based  initiative,  design  studies 
nocesoary  for  the  development  of  a  new  large  aperture  national  telescope,  has  not 
received  adequate  level  of  support,  which  hns  caused  optical  and  infrared 
astt^onomers  to  modify  their  strategy  for  the  development  of  large  aperture 
telescopes,  as  I  will  discuss  below. 

With  regard  to  the  8upp<»-t  of  the  Field  Comxnitt^  "Prereciuisites  for  New 
Research,**  the  record  is  considerably  less  positive,  in  fact,  I  believe  that  it  can 
reasonably  be  call  dismal.  In  their  testimony,  Dr.  Sidney  Wolff,  Director  of  the 
National  Optical  Astronomy  Observatories  (NOAO),  Dr.  Paul  Vanden  Bout. 
Director  of  the  National  Radio  Astronomy  Observatory  fNRAO),  and  Dr.  Tor 
Hagfora,  Director  of  the  National  Astronomy  and  Ionosphere  Center  (NAIC), 
have  eloquently  detailed  the  depressing  and  destructive  record  of  continuing 
budget  cutlaacks  in  basic  research  support,  inadequate  maintenance  of  productive 
facilities,  and  the  layoff  of  critical  personnel  at  the  nationel  observatories,  A 
particulariy  significant  and  devastating  recent  example  is  the  disbanding  of  the 
Advanced  Development  Group  within  NOAO.  the  group  responsible  for  the 
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18  no  better  for  the  Grants  Program,  which  supports  research  in  the  astronomv 
fo^^w  ^  "^^l  univcrHiUea.  SupportTr  theo.«»kal  "search  s^J^S 

f  development,  support  for  Uu-  maint*  nance,  upsrading  and 

opemhon  of  cnUcal  obwrvaUonal  facilities.  «nd  most  tnuncally.  sup^ri  for  youSe 
aatronomerh  are  all  inodequaf*.  ^      '  ^"""^ 

onaUf  Significant  nun.ber  of  new  facilities  of  superb 

3^  nL-nHn-  f"  ^"•'^'^"""5  th.  last  decade  or  arc  currently  under  construction 
^  t  of  pround  based  astronomy  is  literally  starving  to  death.  We  have 

been  forced,  by  the  inadequate  level  of  support  f„r  all  aspects  of  our  disripline  t^ 
consume  our  very  infrastructure  to  find  funds  to  continue  ongoing  programs  „f 
fi.ndament«l  importance^  and  to  operate  new  facilities.  This  cannot  continue  and 
.t  seems  to  me  that  FY  1990  represents  a  watershed  in  this  pr^esa Tmu"t 
emphasize  that  astronomers  have  an  unique  record  of  shutting  down  oldtr  and 

nrinJX^f  f  fr^'^'*''-      "r  1"  "  report  on  the 

pnonUeg  of  the  various  radio  observatories  within  the  US  for  NSF  suDoort  a 
dozen  facilities  that  have  U-en  closed  in  the  past  two  decades  were  c^£d  The 
problem  is  simply  that  the  declining  budgets  (in  inn»tion  adjusU-d  S's)  of  the  mU 
dZftlftL^If  htemUy  destroying  the  health  and  vigor  of  AmericL  AstroLmy 
despUe  the  development  of  new  facilities  of 'he  first  ra.ik.  Indeed,  the  cun-eni 
situation  ,n  astronomy  reminds  me  of  the  situation  that  the  Rogers  (S^imSn! 
^  "^hil          A'"!r*?'"Jr.5".^        "'"^"^  ^^^^  Shuttle  program  h  S 

tlS^J^Tn  ^""tf  '■'^""'"y  cannibidizing  the  Shuttle^hat  were 

scheduled  tx.  fly  on  future  missions  in  order  to  find  sp-re  parts  for  the  Shuttle 
scheduled  for  the  next  flight.  This  policy  was  certainly  one  of  he  factors 
contnbuUng  to  the  general  attitude  of  risk  uking  that  led  io  the  accident.  he 
same  way  I  fear  that  the  current  NSF  funding  pattern  of  starving  the  basic 
infrastructure  of  Astronomy  is  inexorably  leading  us  to  «  criSs  wWch  h-U?  so 
disrupt  the  disaplme  of  Astronomy  in  the  United  States,  that  yers,  and  ver? 
considerable  mvestmeRts  will  be  required  to  regain  our  current  prcemineM 
posiUon  The  most  critical  element  of  any  enterprise  is  its  train^  peJ^  T^J 
case,  scient^ts  and  unique  and  highly  talented  engineers  and  U-cE^;!  -fhe 
Ume  required  to  tram  scientists,  technicians,  and  engineers  is  very  bng  If  the 
>nd..v.duals  ,6  broken  by  losing  a  generation  of  people  „  any 
stage  of  their  careert?.  but  especially  those  near  the  start  of  their  careers  it  will 
require  many  years  to  reestablish  our  basic  infrastructure. 

Support  Level:  Tables  1^  (pages  5-6)  summariw  the  support  level  over  the  past 
five  years,  and  the  current  (1989)  and  Proposed  FY  90  support  levels  for  the  mS 
"rSZT  °^        T  A^^T""/  "r*^'-  Hhows  that  the  Se 

fifnrl?  Jft  of  nearly  20%  i„  operating 

funds  after  adjustment  for  inflation,  between  1984  and  1989.  The  proposed  1990 
fZr.fA'?  "f  ."'J^f'.^th  deereas^-d  (in  inflation  adjusted  $s)  funK  for  NAIC 
^for^OAS  l^^f?l'^''?^  construcUon  funds),  and  an  increase  of  less  iJin 
2%  for  NOAO.  These  levels  of  suppert  would  be  inadequate,  even  for  a  static  field 
of  research.  Astronomy  is.  in  fact,  a  veiy  dynamic  field,  indeed  Jll  of  the  nTtioS^ 
observatories  have  devr.^ped  important  new  capabilities.  The  situation Ts  S 
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Table  i  NSF  Funding  Levels  for  Astronomy  in  inflaUon  A4iusted  $*» 


N8F  Budget 

In  1988$^ 

Year  1W4 

19^ 

1986 

19R7 

19R8 

19Hil 

1990 

NAIC  7.1 

6.7 

63 

6.2 

6,0 

NOAO  26.9 

25.3 

24.9 

24.3 

22.6 

2.3.0 

VLBA  2.9 

10.0 

9,4 

12.0 

1K6 

11,5 

11.3 

NRAO  VLBA  20.6 

19.6 

18.3 

17,8 

17.3 

17.:i 

17.1 

Tot.  NRAO  23.5 

29.5 

27.7 

29.8 

158.9 

flu  *y 

Totn  Ctr.  57.6 

61.5 

58.9 

60.2 

58,1 

57.4 

57,1 

Grants:  32,3 

:i0.2 

290 

29,0 

27.9 

27.9 

28.4 

Other: 

Astronomy:  89,9 

91.7 

87  9 

89.3 

86.0 

85.3 

85,6 

NSF:  1534,5 

1670.6 

1704.0 

1717,0 

18(X1,2 

1955,6 

D«/inflator:  16.2 

10.8 

96 

5.0 

0.0 

-4.5 

9.0 

(percent) 

Table  2  NSF  Funding  Levels  lot  A«lranomy  in  Current  Year  i 

NSF  Budget 

In  current  yt» 

Year  19S4 

1985 

19K6 

1^ 

IJ^ 

19:  JO 

NAIC  6.1 

6.1 

5.7 

5.9 

5.9 

6.3 

NOAO  232 

22.8 

22.7 

23.1 

21.3 

Z3.7 

25.2 

VI.BA  2.5 

9.0 

8.6 

11.4 

11.6 

12.0 

12.4 

NBAO-VLBA  17.8 

17.7 

16.7 

17.0 

17-3 

IH.l 

18.8 

Tot.  NRAO  20.3 

26.7 

25.3 

28,4 

28.9 

;u  2 

Tot,  Ctr.  49.5 

555 

53.7 

57.4 

58.1 

60.1 

028 

Grants:  27ri 

27.2 

26.5 

27.7 

27.9 

29.2 

31 .2 

Other  0.0 

ao 

0.0 

0.0 

0.0 

0.0 

0.0 

Antronomy:  77.3 

82.8 

is(>.2 

S5.0 

86.0 

89,3 

H4.0 

NSF:  i:yM.:\ 

1501 .8 

152:$. 9 

162;U) 

1717,0 

18K'i.0 

2149.0 
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Table  S  Annual  ChanRefi  In  NSF  Funding  for  Astronomy  in  Innalion 


NSK  Budgi^t  Percent  change  versviB  prior  year  in  FY  88  Sb 


Yrnr  I^VU 

«  ^.  a  I.                  i  iWr^ 

1  rfffn 

19HH 

19H9 

1990 

NAIC  NA 

"5.6 

-6,fi 

4,6 

-3.9 

1.9 

-4.4 

JNUAU  lO.H 

-6.0 

•1.6 

-2.6 

-3  9 

-2.9 

1.4 

VLBA  NA 

243.3 

6,0 

27.7 

3.1 

-1,2 

-1  5 

NRACI  VLHA  17.8 

'5.2 

-6.3 

26 

-31 

-0.1 

4.0 

Tot.  NRAO  -63 

25.4 

-62 

-7.6 

-3,1 

-0.5 

4.2 

Tot.  CiT.  lG,b 

6.9 

-4.3 

23 

-3,5 

-1.2 

-0.5 

Grants:  26.2 

-66 

39 

-0.2 

-4.0 

00 

1.9 

Other: 

Astronomy:  19.8 

2.0 

-4.2 

l.H 

-^3.7 

•0.8 

0.3 

NSF:  16.9 

H.5 

0.4 

2.0 

0.8 

4.8 

8,6 

Table  4  Trend  of  NSF  Support  for  Astronomy  in  Inflation  Adjusted  $'s 

NSF  Budget 

Per{(»nt 

ihango  VB,  1984  in  FY  19H8  $fi 

Year  19H4 

u:^ 

imi 

19S8 

1990 

NAIC  0.0 

5.6 

•11.7 

13,1 

^6.5 

449 

48,6 

NOAO  0.0 

6.0 

-7.5 

9.H 

-13.4 

-)5.9 

44.7 

VLBA  0.0 

222.6 

311.9 

299.2 

294.4 

288.4 

NRAO  VLBA  0,0 

5.2 

'11,2 

-13  5 

-16.2 

-16.3 

47,1 

Tot.  NRAO  O.O 

25,4 

17.7 

26.6 

22.7 

22.1 

20.6 

Tot  Ctr.  Oi) 

6.9 

2,3 

4.7 

1.0 

"0,2 

0.7 

Grants:  O.O 

40.3 

401 

13  7 

13  7 

42.0 

Other: 

Astronomy:  0  0 

2.0 

'2.2 

0,7 

AM 

5,1 

-4.8 

NSF:  O.O 

8,5 

8.9 

1 1.0 

11.9 

17.3 

27.4 
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dramatic  Tor  NRAC),  which  has  put  thi*  VIJV,  the  world  s  nioBl  powerful  radio 
telescope,  into  operation  iuhni;  thia  period,  and  is  preparing  for  opc!nitionEi  of  the 
VLBA,  For  NOAO,  although  no  new  maiOr  telescopes  have  been  built,  new 
detectors  have  greatJy  enhanced  the  power  of  extciting  telescopes,  as  Dr.  Wolf! 
points  out  in  her  testimony,  and  an  important  new  technique  for  probini;  the 
interior  <tf  the  Sun.  helioiiieismology,  has  been  exploited.  At  NAIC,  plana  for  a 
m^jor  upirrade  have  been  developed  which  will  f^reatly  enhance  the  capabilities  of 
the  1000  foot  Aredbo  Radio  Telescope  (the  world's  largest  radio  telescope). 

The  problem  is  equally  severe  for  the  grants  proi^m,  where,  in  spite  of  a 
15%  c'ecrease  in  inflation  adjusted  funding,  a  new  10  meter  sub-miUimeU'r  dish, 
two  mm-wave  interferometers,  a  new  cosmology  initiative,  and  substantial 
detector  development  projects  have  been  carried  out,  or  are  in  progress. 

The  situation  of  the  U  S,  astronomical  community  is  in  sharp  contrast  to 
the  situation  of  European  and  Japanese  astronomers,  who  have  recently 
completed  several  important  radio  and  optical  telescopes,  and  now  are  about  to 
undertake  very  major  new  optical  proj<*cts  which  have  rectmtly  been  opproved, 
most  notably,  the  16  meter  equivalent  array  planned  by  the  European  Southern 
Observatory,  and  an  7.5  meter  telescope  planned  by  the  Japanese.  It  is  my 
understanding,  as  a  result  of  conversations  with  U.S.  astronomers  who  have  used 
the  facilitiea  at  European  and  Japanese  observatories,  thai  the  level  of  support  for 
the  infrastructure  of  these  obiis  rvatorics  is  significantly  greater  than  that 
available  for  our  US.  national  ohscrvaUiries. 

Tables  3  and  4  (page  6)  emphasize  the  trends  that  are  most  disturbing  to 
U,S.  astronomers.  At  a  time  when  foreign  govemroenta  (most  notably  Kuropi;  and 
Japan)  are  making  major  commitments  for  instrumcntaUon,  and  arc  providing 
an  expanding  level  of  support  for  the  infrastructure  of  astninomicul  science,  the 
U,S,  commitment  has  decreased  by  nearly  20%  If  thew!  trends  are  not  reversed, 
there  can  be  no  doubt  as  to  the  outcome.  U.S,  astronomical  research,  which  has 
led  the  world  since  WWII,  will  not  only  lose  that  position  of  leadership,  but  will 
become  non-competitive  in  many  areas, 

Cwrenl  Opportunities:  Astronomy  is  in  a  unique  s^riod  of  opportunity,  such 
as  comes  to  a  science  perhaps  only  one  or  twice  per  century.  The  opportunities 
can,  1  believe,  be  compared  to  those  periods  such  as  Kepler's  explanation  of 
planetary  orbits,  Galileo  s  invention  of  the  telescope,  or  Hubbie  s  discovery  of  the 
expansion  of  the  universe.  Indeed,  the  of^rtunities  are  now  much  broader,  and 
cover  virtually  every  area  of  Astronomy,  There  are  three  i^asons  for  these 
opportunities:  1)  the  coupling  of  the  powerful  new  obaervational  techniques 
possible  from  space,  with  the  analytical  power  of  ground-based  radio,  optical,  and 
infrared  observations,  have  led  to  the  discovery  of  many  new  phenomena,  and  the 
ability  to  probe  known,  but  pnoorly  understood,  phenomena  more  deeply,  2) 
prepress  in  many  fields  of  physics  has  increased  our  basic  understanding  of  the 
physical  world  to  the  point  that  we  can  interpret  new  discoveries  and  observations 
in  terms  of  the  fundamental  laws  of  physics,  and  3)  progress  in  many  fields, 
including  detector  technolc^,  computing,  infrared  technology,  etc,,  has  provided 
astronomers  with  new  tools  that  have  been  used  to  exploit  our  instruments  and 
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observational  data  more  fully.  Several  examples  will  illustrate!  these  new 
opportunities: 

1  The  NTT:  aa  Dr.  Wolff  points  out  in  her  testimony,  detector  technolof»y  has 
improved  the  efTectivenefifi  of  existing  ..elcscopcB  to  the  point  that  further 
improvements  in  telescope  performance  can  only  come  from  the  development  of 
jarger  talescopes.  New  techniques  for  fabricating  low-cost  hght-wei^t  mirrora  of 
largG  aperture  have  led  to  the  private  funding  of  the  segmented  mirror  Keck  10 
meter  telescope  project  by  the  Califorria  Institute  of  Technologv  and  the 
Umversity  of  CaUfomia,  and  the  fabricaUon  of  a  3.5  meter  mirror  by  spin  casUng 
The  latter  technology  is  the  primiary  candidate  for  fabricating  8  meter  mirrtjrs  for 
two  new  telescopes  proposed  by  NOAO.  which  are  discussed  more  fully  below. 
Large  new  telescopes  on  the  ground  are  an  essential  complement  to  the  Space 
Telescope,  because  the  ^oe  Telescope,  although  very  powerful  for  the  discovery 
of  very  faint  objects  by  virt,ue  of  the  unprecedented  high  angular  resolution  it  will 
achieve,  has  insufTicient  aperture  to  ctrry  out  detailed  spectroscopic 
measurements  ot  very  faint  objects.  Measnrcmcnts  of  this  type  are  estwntial  to 
such  fundamental  problems  as  identifying  the  nature  of  the  energy  sources  in 
quasars,  and  studying  star  formation  in  very  young  galaxies. 

2.  Helioseismology:  One  of  the  most  fundamental  theories  of  modern 
astronomy  is  the  theory  of  stellar  structure  and  stellar  evolution.  Although  this 
theory  is  highly  successful  in  predicting  the  gross  properties  and  life  histories  of 
stars,  we  have  had,  until  recently,  no  way  to  compare  the  predictions  ol  the  theory 
on  the  internal  structure  of  stars,  with  observations  of  stars.  The  Ufchnique  of 
helioseismology,  which  deduces  the  internal  structure  of  the  Sun  from  the  study 
of  the  oscillations  of  the  Sun  as  revealed  by  the  pulsations  of  the  Sun's  surface, 
has  allowed  the  first  such  comparisons.  This  new  technique  has  also  been 
successfully  applied  to  other  stars,  NOAO  has  b^gun  the  development  of  a 
network  of  observing  stations  called  the  Global  Oscillations  Network  (CONG) 
which  will  map  the  Sun's  internal  structure  and  dynamics  using  these  new 
techniques.  This  important  new  program  is  proceeding  ut  an  unacceplably  low 
pace  due  to  the  current  crifiis  in  NSF  Astronomy  funding. 

3.  In  the  past  several  years,  studies  of  the  distribution  of  galaxies  in  space  on 
a  large  scale  (hundreds  of  millions  of  light  years)  has  revealed  a  very  large  scale 
structure  of  super  clusters  and  voids  which  was  unanticipated.  This  very  large 
scale  structure  has  very  important  implications  for  our  model  of  the  formation 
and  evolution  of  the  universe,  and  provides  a  very  severe  test  of  recently  proposed 
modificaUons  of  this  "Standard  Big  Bang"  model  The  Arecibo  1000  foot  radio 
telescope  has  proven  to  be  a  very  powerful  tool  for  the  study  of  the  large  scale 
structure  (as  would  be  a  replacement  for  the  300  foot  telescope  at  Green  Bank).  A 
major  upgrade  of  the  1 000  foot  telescope  feed  system  and  other  improvements, 
costing  approximately  $20,01)O,0(M),  would  greatly  enhance  its  value  for  study  ot 
large  scale  8tructu^^^  If  the  NSF  can  supply  half  of  the  funds  necessary  for  tht^se 
improvements.  NASA  will  supply  the  other  half  So  far.  the  criws  in  NSF  funding 
has  not  permitted  this  work  to  proceed. 
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4.  Cosmology:  Aithou£^  the  stajidard  model  of  the  ohgin  of  the  wniven-c  in  a 
cosmic  fireball  o**  ^big  bang''  hati  bem  successful  in  explaining  many  of  Uio  larf^ 
»cate  properties  of  the  univerBe,  it  leaves  many  questions  unanswered.  Recent 
advanoea  in  our  understanding  of  the  fundamental  building  blodLs  of  matter*  and 
of  their  interaction  at  very  hi|fh  energies  <or  temperatures)  has  allowed 
tl^oretical  i^ytdcists  and  astronomers  to  study  the  evolution  o^  ti^  universe  in  the 
first  one  hundredth  (0.01 )  seciuid  of  its  existence,  and  the  imprint  that  events  at 
this  very  early  time  baa  left  m  the  universe.  This  researdi  has  raised  the  very 
exciting  possibility  that  the  questicms  left  unanswer^  by  our  '^Standard  Big  Bang** 
model  can  be  reserved.  One  of  these  questions  is  the  cause  of  the  large  scale 
stnictttre  mentioned  in  3  above.  Another  is  the  phenouMina  which  lead  to  the 
formation  of  galaxies.  (Recent  observations  at  ground-based  telescopes  using  new 
chaige-coupled  detector  arrays  have  revealed  objects  that  may  be  very  young 
galaxies.)  Last  year,  the  Physics  and  Astrotiomy  Divisions  iointly  proposed  an 
initiative  to  support  an  increased  level  of  research  in  cosmolc^.  Although  this 
initiative  did  reorive  some  support,  the  level  of  support  does  not  approadi  the  level 
that  is  justified  by  the  importance  and  exdten^nt  of  the  field.  This  is  one  erf*  the 
areas  of  astronomy  and  physics  that  is  most  attractive  to  advanced  physics  and 
sstrof^ysics  students,  support  of  this  type  of  research  is  critical  to  the  training  of 
the  next  gmeration  of  astrophysicists.  An  indicaucm  of  the  attractiveness  of  this 
field  is  the  fact  that  a  cosmolc^  center  hac  been  selected  as  one  of  the  first  of  the 
new  NSF  Science  and  Technology  Centers  to  be  established  as  the  result  of  a 
highly  competitive  review  process. 

The  four  areas  of  re^arch  described  above  are  illustrative  of  the  oppor- 
tunities that  abound  in  Astronomy.  Dr.  s  Wolff,  Vanden  Bout  and  Hagfors  have 
mentioned  others  in  their  testimony,  and  the  Field  Crmmittee  Report  and  its 
companion  volumefc.  provides  a  very  readable  and  comprehensive  summary.  A 
new  Astroncmy  Survey  Cciunittee  is  about  to  begin  a  study  leading  to  a  report  for 
the  decade  of  the  1990'b.  The  new  report  will,  1  am  corfident,  identify  many  new 
opportunities  which  will  complement  and  extend  those  identified  in  the  Field 
Report. 

ContrtbnUoa  of  Astromimy:  Astronomy  is  a  very  highly  technoli^  intensive 
disciirfine.  In  his  testimony*  Dr*  Vanden  Bout  has  provided  a  detailed  discussion 
of  how  radio  astronomy  hus  provided  a  variety  of  new  technologies  which  have 
found  application  elsewhere.  Examples  are  the  technique  of  image  reconstruction 
(Aperture  Synthesis)  which  underlie  the  Vl/A  and  VLBA,  the  development  of 
state  of  the  art  radio  receivers  and  the  development  of  time  and  frequency 
standards.  The  last  area  is  an  interesting  case.  Our  fundamental  tin^  standards 
(the  jfoar,  .tionth,  day,  hour,  and  second)  all  have  thwr  wigin  in  the  motions  of 
astronomical  bodies.  In  the  last  two  decades,  however,  atomic  clocks  have 
replaced  astronomical  mctions  as  the  fundanwntal  standard  of  time.  The  recent 
discovery  qf  pulsars  with  millisecond  periods  represent  a  physical  system  Uiat 
may  well  replace  atomic  clocks  as  the  most  accurate  standard  of  time.  Other 
examples  can  be  cited,  such  as  the  development  of  techniques  for  spin  casting 
large  aperture  mirrors  (up  to  8  meters)  by  Dr.  Roger  Angel  of  the  University  of 
Arizona,  and  the  techniques  for  the  construction  of  large  aperture  segmented 
mirrors  by  Dr.  Jerry  Nelson  and  his  coilcagues  at  the  University  of  California. 
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?:^!'!.V.d^XU'  «hc  sc.  nTirn-r  t..hnol.,«io«  by  the  Air 

«fn^in^"*'""w''  u^^"''  "'•^P'^"  "^"n  ^  Cited,  it  i*.  iniporunt  to  roali?,-  that 
Gr«vZi«  't  I«»«c  N..wlon.  who  developed  L  T  uwi  ..f 

M^t^  ii"  t«.*^xp]u.n  thP  orbits  of  afttronom.na  ohj..ct«,  and  r«t -ndinn  to  th 
NohH  pn.^o-w,nn.nfi  work  of  I)r.  HunM  Bcthc.  who  devH oped        theory  of 
thermonuclear  nj  icUoHH  t*.  explmn  the  Bour«>  of  .-nerfTV  of  the  Sun  and  It.rs  the 

''''r'fr'  Phennniena  of  astronomy    have  Ken 

n?h.T  !  h"  S[  ?.''^'''';'P«"«^"1  "f  fundHmental  phynical  theur^.  Oomileme  .nrj 
10  this  the  obRer^•at.onal  n'quinmenls  of  HStronomy  have  .n.snir.-d  i7loThn.??r 
tcchnolopcHl  developments.  st-rtinK  with  tl.dileoV.  ivel.  pn  e  t  ,f  uT^^^^^ 
and  contmM.ng  to  the  rrce;.f  development,  of  infrannl  an^av  d 'ter  o  «  and^f 
t.^hn,quc«  for  fornnnK  h.Rh  resolution  x-n.y  and  extreme  ult^avioL  fnl  an 
area  of  r'  warch  in  which  I  have  bi-en  (utive!  "viuiei  mi,.^,  s.  an 

Treerl^,^;!  J  u's  H  "  """'^^  V''^  ""'"^  '"'^'^  f.c.l.ti..H  which 

are  eShenUal  it  U.S.  A>.lroni,my  ih  to  n.,.uun  competitive.  These  an  • 

1 .  Completiori  of  t>  ■  Very  l.onj;  BHseliiie  Array  (VI, HA). 

2,  Completion  of  the  tUobul  f)Hci2l;ition  Netvork  KJONCM. 

of  h.Kh  quahiy.  one  .n  the  northern  hemisphere  and  one  in  the 
southern  hemisphere.  ThiR  development  prouram  cmld  lead  to  the 
eventual  conMructinn  of  a  15-16  meter  aiHrture  NN'J-;'.  ' 

Hanr""^^"""     "  '■''P'"'^*''"*''''  f'"" f'X't  li^"!'"  TeleKcope  at  firwn 

4h.    Conipletiun  of  an  up^'rade  for  the  1  ()()((  foot  telescon,.  „i  Arerilm  to 
KXder''"'''"'''  "'"^  "^^'^  "  wVder  nuiKu 

5.     Hevolopinent  of  a  millimeter  wave  interferometer  with  eopabil.ties  in 

VLA  at'centim^t.; 

ITiene  projects  ail  deserve  your  stronKest  support,  and  should  b*'  fitnra>d  t.,r 
«m,pleted>  «K  .cKia  a.s  pos.sible.  I  have  hsu-d  theseEhties  .n  Seir  rough  m^r  f 
imonty.  ulthou«h  a  number  of  other  factors,  inclndinK  teehnoloS  i^s,»  k 
nogot.at  on  of  funduiK  from  other  sources  t'sueh  as  Ls/r^^he  Arec^^^^^^^ 
upgrade*  or  formntum  of  partnerships  with  fore.,m  collahorutors  f(,r  the  H  m  tl  r 
optK-al  lele^ope  projects),  will  deU-rmu.   which  projects  are  reaW  'o  sSrt  fij;! 

With  n-Kurd  U»  the  rephuTnient  of  the-  .  DO  f„„i  dish,  1  r.-L'Hrd  this  as  a  verv 
hiKh  pnonty  and  1  believe  that  most,  if  n,..  all.  radio  astruit  nu-rrin "L  U  ? 

twhlh    '  ''T''        <^^'^*''"P""-n'  "fa  m.lluneter  wavr.ue   ero  meter 

«wh,ch      not  yet  techmcally  ready!  delayed  in  „rder  to  allow  the  .^io  fS  dl 
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devclopimnl  Ui  proctuHl  tmnn^dinU'ly.  A  very  strong  and  rompcllinR  Kdc^ntific  c  nsi' 
for  thin  facility  ha«  been  made  in  the  report  ^'A  Radio  Teh*ticopi»  for  Ihi'  TS^'cnty- 
First  Ont«rr  publinhod  by  NRAO  (January  198fl,  R  L.  Brown  and  F,R.  Schwab, 
Editors).  I  think  I  apeak  for  ntont  astronomera  when  !  aay  that  I  hope  that  an 
eariy  commitmCTit  by  NSF  to  proCi-ed  with  thiH  important  project  will  not  impact 
adversely  the  completion  of  the  VLBA.  an^  the  development  of  the  GONG,  the 
NOAO  8  meter  leleM^opes,  and  thi:  initiation  of  the  Aredbo  up£Tade« 

ReseaFch  and  Education:  The  research  supported  by  the  llivihion  of 
Astronomical  Srien«»8  at  the  National  Centers  and  at  the  univerBitien  in  %*ery 
closely  linked  to  graduate  education.  Support  for  graduHte  studentfi,  t^sperially  in 
their  final  yeara  of  study,  comes  mainly  from  NSF  (or  NASA)  giantB,  It  is 
important  to  realize  that  graduati*  astronomy  training  is  very  broad,  and  highly 
tedmical.  Afitronomy  Ph  Ds  work  in  a  variety  of  mtuations.  For  example,  one  of 
my  former  studenttt  became  awtronaut,  another  is  developini^  infrared 
detection  tt^chniquen  for  a  Of)!!  contractor,  a  third  i»  involved  in  the  development 
of  synchrotron  radiation  as  a  research  tool  in  i  ondenKed  matter  phyitici^,  and  a 
fourth  18  employed  by  a  NASA  center.  Thus,  the  rec^uced  levels  of  funding;  in 
aatronomy  will  have  a  negative  impact  on  our  Hneutific  manpower  training,  an 
area  in  which  we  are  seriously  tag^ng  behind  our  induhtnal  comptrtitorfi. 

Astronomy  has  another  very  importHiii  role;  that  ie  in  attracting  young 
people  to  acienct%  and  tu  a  scientific  career  Several  yearn  ago,  I  participated  in  a 
summer  program  at  NOAO  for  studcntfi  from  minority  groups  that  are  under- 
represented  in  science.  One  of  the  students  who  participttted  in  the  program  wan 
a  young  man  who  subsequently  applied  to  our  Ph.D,  program  in  Appliinl  Physics 
at  Stanford,  and  will  soon  receive  his  Ph.D.  degree  in  Quantum  Klecironics.  I 
believe  that  the  opportunity  he  received  to  pfirticipafe  in  scientific  research  at 
NOAO  had  a  profound  influence  in  his  drcision  to  seek  advanced  scientific 
training.  Astronomy  plays  an  -inportai^l  ^le  in  introducing  university 
undergraduates,  and  high  school  si  jdeuts,  to  the  physical  sciences.  Many 
astronomers  on  university  facilities  are  heavily  involved  in  the  teaching  of 
underigraduBtes.  At  the  level  of  secondary  schools,  astronomy's  impact  is  felt 
mainly  through  the  activities  of  amateur  astronomers  (who  constitute  a  very 
valuable  educational  resource),  and  public  facilities  such  as  planetariums.  I 
believe  that  a  more  formal  program  of  astronomy  education  at  th*  secondary 
school  level  could  play  an  important  role  in  the  attracting  yjung  people  to 
scientific  careers. 

Sommary:  I  wish  to  thank  Chairman  Walgren,  and  the  members  of  the 
Subcommittee  and  staff  for  the  opportunity  to  spi^ak  to  you.  We  are  grateful  for  the 
support  that  we  receive  from  the  American  public.  However,  it  is  critical  for  you  to 
understand  that  the  present  level  of  support  for  the  infrastructure  and  research 
in  astronomy  is  inadequu^e,  ne,  a  result  of  six  years  of  declining  support  (support 
has  dropped  by  20%,  not  including  the  construction  monies  ftr  the  VLBA).  The 
FY  1990  plan  does  not  addt-'*?:;*  this  crises,  indeed,  it  contin'jes  the  trend.  Unless 
some  increase  in  support  level  is  incorporated  into  the  1990  budget,  the  damage  to 
astronomical  science  in  the  U.S,  may  reach  a  level  that  wi'l  require  many  years  to 
reverse. 
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ArOlw  B.C.WaftiT.Jr. 

EducUn,  «Ml  Eoipto>m*nl:  Arthur  BC  Walkw.  },.  rcti.«4  Us  B.S  m  ^•Uy^u^  »,ih  h.m<H,,  lum  <W 
rn^Ji^  "P^»f  lo  me«orr  r»ocr>iu  am!  cWtron.  trapped  in  Ihc  F^U,  ,.  nm^^ZX^  Tl^u^t 

« Sinnford  Uo.vcrsrty.  He      .wn«,  „  i>tnaru, sunf«d  S.^fcm  A.unn.miKJl)»«.fvMo.>  * 
ir«Km.  HehBriMMudwdihrdnjndiBceanKiuieirfihelniCTsteUwMcdiiM^ 

Sctertlfic  «Hl  NaJSoMl  Scr^te,:  ft.  Walker  ha.  served  ,»     ,ha.a-d  «  mmiu-,     NASA,  N^iurml  Sck^c 

^'*f  Si;.cm*  Wortmg  fmmp  f«  NASA  Jl  ch^X  aS  Omfm.mnS 

W  the  PR4>ui«»ial  C  tHnmissKW  «m  Ok  '  Si>at.<  Shuule  (Tullmmw  Aitiifcm  . 

Amtncan  AsUanom.caI  Sac.cly.  .h.  A.««Kan  {<*,phyM..l  Unum.  ,hc  InirfwtH„Ml  A.u..m™«al  Unnm  a« 
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Mr.  Walgrkn.  Thank  you,  Dr.  Walker. 

Let's  go  in  the  onier  in  which  I  introduced  you  to  the  record,  and 
that  would  indicate  that  we  turn  to  Dr.  Vanden  Bout. 

STATEMENT  OF  DR.  PAUL  A.  VANDEN  BOUT,  DIRECTOR, 
NATIONAL  RADIO  ASTRONOMY  OBSERVATORY 
Dr.  Vandkn  Bout.  Mr.  Chairman  and  members  of  the  «»mmit- 
tee,  I  appreciate  the  opportunity  to  comment  on  iasues  in  the  NSF 
Astronomy  Program.  Let  me  begin  with  the  issue  of  adequacy  of 

wm^speak  to  the  situation  at  NKAO.  In  contrast  to  the  growth 
in  real  dollars—that  is,  after  correction  for  inflation— of  20  percent 
since  1984  in  the  NSF  budget,  astronomy  has  taken  for  operation  of 
its  existing  programs  a  20  percent  cut.  . 

Now,  for  NRAO  what  means  we  have  lost  $4  million  m  resources 
to  conduct  our  prt^rram.  What  docas  that  mean?  Well,  it  means 
that,  for  years,  every  year,  we  are  searching  for  ways  to  continue 
to  present  the  opportunities  for  observations  to  our  users,  but  with 
1^8  resources. 

For  example,  you  first  freeze  hiring  and  then  you  discover  you 
are  forced  to  a  layoflF.  You  try  to  get  by  with  minimum  wage  in- 
creases and  discover  that  you  have  to  freeze  pay  scales.  You  defer 
maintenance  for  a  year,  hoping  that  next  year  will  be  better,  dis- 
cover that  it  is  n-'t,  and  you  are  in  even  worse  condition  than  you 
were  the  year  before.  *u      i  i 

You  are  forced  to  reduce  equipment  purchases  to  pathetic  levels. 
The  amount  of  test  equipment  we  buy,  the  investment  we  are 
making  in  new  instrumentation,  is  at  a  historic  low  for  the  Obse^-v- 

atory  now.  .    ,  ,     ,         ^  .  . 

It  rowans  that  the  level  of  technical  development  activity  is  at  a 
drastically  cut  level,  lower  than  it  has  ever  been  in  the  history  of 
the  Observatory.  This  has  a  real  effect  in  two  ways  New  instru- 
mentation is  the  future  of  the  Observatory,  and  so  that  is  threat- 
ened It  is  also  threatened  in  that,  when  technical  development 
cannot  be  pursued,  when  the  opportunity  to  pursue  new  ideas  is 
lost,  then  the  best  people  you  have  are  demoralized  and  begin  to 
think  about  leaving;  in  fact,  some  of  them  have  left.       ,    .   ,  r 

•Hiere  is  an  alternative  way  to  look  at  this.  NRAO  s  budget  tor 
operations  today  is  what  it  was  in  1978  after  you  correct  for  infla- 
tion That  is  a  little  over  10  years.  But  there  is  a  huge  difference  m 
the  Observatory,  because  since  1978,  the  Very  Large  Array  began 
operations.  This  is  the  biggest  facility  we  operate.  And  so  our  re- 
sponsibilities have  increased  enormously,  but  our  resources  have 

not  gone  up.  «  , 

On  top  of  all  this,  the  Observatory  is  facing  the  operation  of  the 
Very  Long  Baseline  Array.  This  is  a  new  facility  that  is  under  con- 
stnition;  it  is  about  half  complete.  In  1992  we  will  begin  operation 
of  that  fully.  On  the  other  hand,  the  VLBA  can  be  operated  partial- 
ly as  antennas  are  completed.  It  is  an  array  of  ten  antennas,  and 
as  each  one  is  completed,  we  can  contribute  it  to  ongomg  research 
in  very  long  baseline  interferometry  observing. 

So  we  have  had  to  face  the  operation  of  this  new  facility  ear./, 
before  the  construction  is  complete,  and  have  not  had  the  funds  to 
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do  that.  What  little  funds  have  been  placed  into  VLBA  operations 
have  been  taken  firom  the  rest  of  the  budget,  and  we  are  at  the 
limit  at  this  point,  so  that  in  the  future  we  fare  the  embarra^ing 
prospect  of  completing  antennas  and  then  having  them  mothballed 
until  some  future  date  when  we  have  funds  to  operate  them. 

It  is  not  that  we  are  unwilling  to  give  up  things  to  operate  new 
things.  TTiere  is  a  tradition  in  radio  astronomy,  and  in  astronomy 
in  genei^l,  of  doing  that  When  the  VLA  was  finished,  the  interfer- 
ometer in  Green  Bank  that  was  the  predeces^r  to  the  VLA  was 
closed  for  astronomical  obcerving,  and  a  number  of  university  fa- 
cilities that  now  do  VLBI  science  will  not  do  it  when  the  VLBA  is 
finished. 

B  at  that  is  not  enough.  If  you  make  prepress,  the  new  facility  is 
more  advanced,  it  is  more  elaborate,  it  does  more,  and  it  requires 
more  to  operate  it. 

So  what  has  happened  is  that,  after  5  years  of  declining  budgets, 
I  think  we  are  at  the  point  where  serious  damage  will  be  done  in 
1990.  That  proposed  budget  does  not  alter  this  trend,  and  we  are 
going  to  be  forced  to  sustain  damage  that  will  take  years  to  repair. 

I  think  it  is  tragic  in  that  the  National  Centers  in  Astronomy 
serve  a  large  community,  and  they  serve  them  well.  They  have  con- 
tributed a  good  deal  to  technical  development,  and  in  my  written 
testimony  there  is  an  attachment  that  outlines  that  for  radio  as- 
tronomy. Many  of  those  people  are  now  looking  elsewhere  because 
there  18  so  little  they  can  io  at  the  Observatory  in  development 
work. 

Even  more  important,  I  think,  is  the  fact  that  the  future  of  the 
field  as  a  whole  is  threatened  when  the  Centers  are  threatened  be- 
cause there  is  a  cadre  of  people  who  enter  the  field  and  have  not 
established  themselves  in  the  sense  that  they  have  grant  support  at 
universities.  It  takes  a  while  to  establish  yourself,  and  the  grants 
program  at  NSF  is  very  tight,  as  well  as  the  budgets  for  the  Cen- 
ters, and  so  it  is  only  able  to  support  very  few  people.  So  there  is  a 
large  group  of  people  that  depend  on  the  National  Centers  as  the 
place  where  they  can  do  their  science  and  prove  themselv^  and 
some  day  get  a  grant. 

We  do  not  operate  those  Centers  for  ourselves.  Our  staff  uses 
some  10  to  15  percent  of  the  observing  time.  Most  of  it  is  used  by 
outside  observers.  If  that  op.iortunity  is  lost  to  these  young  people 
who  are  building  then-  careers,  I  think  it  will  have  very  serious 
consequen<»s  for  the  future  development  of  the  field. 

Well,  that  is  the  issue  of  adequacy  of  support.  The  other  issue  I 
wish  to  address  is  the  replacement  telescope  for  the  300-fbot  in 
Green  Bank.  The  idea  of  a  hrge-apertun,  fully  steerable  telescope 
is  not  new  It  c»n  be  found  in  the  original  plan  for  the  observatory 
when  it  was  established  in  Green  Bank.  What  was  built  was  a 
smaller  aperture,  fully  steerable  telescope,  the  140-foo';,  and  a  tran- 
sit instrument,  the  300-foot. 

The  idea  of  &  lOO-meter-class,  fully  steerable  teJesco'  was  con- 
sidered in  both  of  the  recent  decade  survejrs  in  astronomy,  the  one 
tor  the  seventiffl  and  the  one  for  the  eighUes,  anc?  in  both  those 
surveys  there  is  a  report  that  indicates  the  importance  of  such  a 
radlity. 
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On  the  other  hand,  that  telesa>pe  did  not  receive  top  priority— 
the  VLA  did  in  one  case  and  the  VLBA  in  another  case— because 
y/re  had  working  instruments  in  Green  Bank.  The  telescopes,  al- 
though 15  and  then  25  years  old,  were  working  and  productive. 

Now,  the  collapse  of  the  300-foot  telescope  has  removed  a  work- 
ing instrument,  of  course,  and  it  has  given  urgency  to  this  plan- 
ning. We  have  worked  with  the  community,  and  our  ol^rva<x)ry 
staff  has  worked  with  the  community,  to  develop  the  scientific  case 
for  a  replacement  telescope.  We  think  that  case  is  compelling. 

There  is  a  great  deal  of  new  research  that  can  be  done  on  pul- 
sars, on  mapping  the  structure  of  the  universe,  on  studying  star 
formation  regions  and  our  galaxy  and  other  galaxi^,  in  tracing  the 
evolution  of  galaxi«i,  in  quasars,  in  studying  the  planets  with  plan- 
etary radar  that  would  use  both  Arecibo  Observatory  and  this  new 
telescope.  In  studying  the  classic  radi<«alaxi«  in  jets  in  VLB  ex- 
periments, the  telescope  could  be  used  in  certain  experiments  with 
the  new  VLBA  array. 

We  think  that  case  is  compelling,  and  we  also  have  studied  the 
technology  and  found  that  the  technology  of  large  telescO|ies  has 
advanced.  Much  better  reflector  panel  technology  has  been  devel- 
oped now  so  that  panels  can  be  manufactured  at  the  same  cost  but 
hjgher  performance  than  in  past  years,  and  if  the  surface  figure  is 
maintained  by  acti--e  control— that  is,  by  a  system  of  motorized 
supports  for  the  panels— the  high-frequency  performance  of  the  tel- 
escope can  be  much  improved  over  what  would  have  been  possible 
years  ago. 

This  scientific  and  technical  case  has  been  printed  to  the  Na- 
tional Science  Foundation,  and  they  are  now  considering  whether 
or  not  they  want  to  make  this  part  of  their  program. 

There  are  other  projects,  of  course,  in  radio  and  optical  astrono- 
my that  I  believe  are  important.  You  will  h^u-  about  them,  I  am 
sure,  from  the  other  panelists,  but  very  briefly,  they  are  the  up- 
grade of  the  Arwibo  Observatory,  the  development  of  the  millime- 
ter interferometers  in  California,  university  facilities  that  will  lead 
some  day  to  a  national  millimeter  facility  known  as  the  millimeter 
array,  and,  of  course,  the  8-meter  teles»pcs  for  optic^  astronomy. 
But  I  will  leave  further  remarks  on  tho^  projects  to  the  other  pan- 
elists. 

Thank  you. 

[The  prepared  statement  of  Dr.  Vanden  Bout  follows:] 
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TESTIMONY  TO  THE  HOUSE  OF  REPRESENTATIVES 
SUB-COMMITTEE  ON  SCIENCE.  RESEARCH  AND  TECHNOLOGY 


March  14,  1989 


Paul  A.  Vanden  Bout 
Director 

National  Radio  Astronomy  Observatory 
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NSF  ASTKCWOMV  WOGRAH 


The  opportunity  to  testify  on  the  NSF  research  prof,ra«  In  Astronoay  Is 
wlroaw  Never  bav«  there  been  gx^ater  or  pore  challenglnf,  opportunities  for 
astronoalcal  resrarch.  Ncvrr  hus  the  NSF  A^?tronowy  proj^raa  been  In  Rreatri 
danger  of  collapse. 

Thf  Crisis  In  t>}TPyflt^nps  Rudg,ets 

Ut  we  begin  with  the  first  Issue  Chalrofln  Walsirn  fi-ention?;  in  bis  letter 
of  Invitation:  -We  would  like  your  views  on  the  objectives  nl  the  proposed 
HSF  research  progr.ia  in  astronomy  for  fiscal  year  1990,  as  well  as  your 
coasMints  on  the  adequacy  of  support  for  asttonoiay  by  NSF  light  of  both  the 
total  national  and  International  research  effort  in  astronomy  and  also  current 
research  opportunities  in  astronomy.* 

In  sharp  contrast  to  the  average  rate  of  growth  in  the  Foutidat  ions' s 
budget  of  10  percent  annually  sinc*^  1983.  budgets  for  operation  of  the 
National  Astronomy  Centers  have  steadily  declined.  The  1990  budget,  as 
proposed  to  Congress,  is  critically  inadequate.  Following  five  year.s  of 
relentless  budget  cutting,  the  proposed  1990  budget  will  finally  cripple  the 
Centers  and  threaten  their  future  existence. 

l  can  sp^'ak  best  to  the  slfAatlon  at  NRAO,  The  fact  is  ihnt  the  NRAO 
staff  available  to  support  the  Observatory  operations  is  the  saffle  today  as  it 
%ras  in  l9/«.  The  budget  is  the  eaae  as  it  was  a  decade  ago,  accounting  for 
inflation.  Vhat  then  is  the  difference?  Our  responsibilities  have  Increased 
draitatlcally,  Tt^e  Very  Large  Array,  the  world's  finest  radio  astronomy 
facility  was  not  even  dedicated  until  1980.  Now  it  is  one  of  the  most  sought 
after  astronor-lcal  facilities  in  the  world.  It's  success  has  been  phenoweital. 
HeverMieless.  ever  tightening  budgets  have  forred  staff  levels  to  lower  and 
lower  nui^bers  In  every  area  we  have  uncoispetlMve  staff  compensation. 
Obvious  isalntenance  needs  have  been  deferred,  E<|ulpmei,t  purchases  arc 
absurdly  low.  At  every  site,  staff  morale  is  low  and  key  people  are  leaving. 
One  of  the  world's  finest  staffs  In  technical  development  Is  close  to 
disbanding. 

The  recent  NRAO  budget  history  is  shown  in  Figure  1,  a  graph  of  the 
actual  funds  received  each  year  for  operations  since  ^^^j* '  ^ 
shown  which  indicates  what  those  funds  would  have  been  If  the  1984  budget  had 
been  increased  each  year  to  account  for  the  isodest  rate  of  inflation  in  those 
years  and  no  more,  that  Is.  no  real  budget  growth  The  Observatory  has  taken 
a  roughly  $6,000,000  cut,  25  percent  of  its  present  budget,  with  respect  to 
its  1984  budget  adjusted  for  inflation. 
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r&ft    1  Facds  r*f.aiv«d  tt^  9Sf  far  mfM»l  <n>«rattc«>«  Wtl«at.*  4ra  mhcmi  mm  «QUd  tfpt«.  a>»d 

iiTK  ludin«  ■t.i«5»       cf»«n  4otm      Th*  dmb*d  llm  Iridic*!**  lK«  J99«  op«r«t  ia*v» 

t»vi4Airt  corract«d  for  Inflation 


The  1990  bu(lgi»t  planned  by  SSF  for  NRAO  in  its  iequ«?st  t  o  Congress  oflors 
no  relif^f  but  r«ther  contlnueK  the  dest ruct lv4>  court^e  of  recent  years*.  Tlxe 
following  was  rerrnl  ly  presented  to  the  National  Science  Bo^ird's  Cocunittee  on 
Progrosf  and  Pl«ns. 
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Suasary  of  NRAO  fiudget  Situation  for  the 
National  Science  Board  Progroaw  and  Flans  Cows! t tec 


1989  Actual  as 
Reduced  froB 
Prior  Plan 


1990  as 
Planned  to 
Meet  Current  Needs 


1990  Hear-Terv 
Survival  -  Fq^^ark 


KaAe  Operations 

VLAA  Operations 

EqulfHaent 

VLM  Construe: Ion 


16.9 
0.9 
0.0 

11^ 


19.9 

2.5 
1.2 


18. 1 
1.5 
0.7 

ULfl 


29.6 


36.1 


32.3 


HSF  1990  Request  to  Congress 
Eatiaated  NSF  "Taxps" 


31.2 


Available  at  Request  Level 
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Shortfall 
-  1.6M§ 


A  reduction  of  about  10  percent  In  staff  levels  vae  forced  upon  u«  this 
past  year  by  budget  constraints*  An  additional  shortfall  of  1,6K$  vould 
require  a  20  percent  cut  in  persoimel  or  «t  least  ^0  eoiployees.  The 
Observatory  cannot  survive  a  cut  of  this  oagnltude  without  closing  the 
Green  Rank  and  eventually  the  Tucson  sites. 

Nineteen  eighty- nine  is  the  fifth  year  in  a  series  of  reduced  budgets  for 
base  operations.  The  1989  budget  la  slightly  less  in  actual  funds  received 
than  the  budget  of  198A.  but  the  1989  bu<$get  mst  cover  VIBA  of*ermtioJis  as 
well. 

mAQ  has  survived  «  4M$  cut  with  respect  to  inflation  since  1984  by 
reducing  staff  levels,  cutting  other  enpenses  to  the  mlnloww,  awl  tranaf erring 
esployees  to  VUIA  and  HA5A  constructlcm  projects.  A  total  of  69  individuals 
are  now  supported  by  construction  projects*  The  NASA  project  will  be  ilnlshed 
this  year  and  VLBA  will  be  finished  in  early  1992*  Host  of  these  69  eaployeet* 
are  needed  for  VIM  operations.  But  unless  NSF  provides  full  funding  for 
operation  of  the  VLBA,  the  C&servatory  faces  an  even  aore  serious  personnel 
crisis. 

Declining  b'*dget8  of  the  last  several  yeata  have  produced  further  critical 
needs  that  mjst  be  addressed:  deferred  »«jor  maintenance  of  the  VLA  track  and 
electrical  power  systems  accuoulated;  computing  hardware  and  software  needs; 
equipment  for  new  Instrup^ntation.  technical  development ,  and  testing; 
inadequate  graduate  and  postgraduate  training  programs. 

Ultimately,  the  failure  to  address  these  needs  will  totally  coi^>roaise 
the  ability  of  the  Observatory  to  function  as  a  world-class  inatitution. 
The  consequences  for  individual  tmiversity-baaed  investigators,  whlcU  make  up 
NHAO's  uaer  coammlty,  will  be  catastrophic.  Continued  Inadequate  funding 
will  also  demoralise  the  already  strained  Observatory  staff.  If  the  core 
technical  team  disbands,  the  Observatory  has  no  future. 
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C£m.N  tElir  UiiiL  ^i"^!;*:  L» 

I.lkf"  hudgi'is  tor  op«'iatinn«.  budge  IN  tor  m^jt^r  construe  f  Ion  projects  arc 
irwulvqudt  t: ,  Tho  Vci  V  Uonj;  B*4S»»llri«»  Array  (VIJ^A)  .  ssvronnray's  rurrrnr  w«Jor 
construrrion  piojtM  t  .  has  bf^vn  turwipd  by  th^  dlft>r»'nr«»  b«?tw<«t?n  small 
itivr<»flfit'N  in  th»'  NSK  astrouomy  program's  total  budf^ct  and  M»dur«»d  hiidf.rfs  for 
i>xlstiiif,  pr€»p,rams  and  rat  Ions.  Btrcaus^  lh*'r«»  Is  h  1J»U  to  ihv  aisount  of 
Oonf^Y  that,  cau  hv  ;>roduc#'d  this  vny  wlthont  sudd*'nly  d^'sttoying  *»xlRt|rig 
proj^iaBs,  th*»  i4nnv«al  tunds  avallabl**  tor  ronstruct  Ion  «iv  tot>  siawll.  ThiR 
U'Ads  Inrvlralily  tn  m  retrhrd  con«itrurt  Ion  wchcdulfs-  #»nd  lni*t«'As«'d  toial 
|noJ«*€-  t  citsf  s 

Fotrlnf,  f  ofiiit  ruoi  ion  pmJrrtN  to  hv  accnianjadHt  v»1  \n  a  l«-v»'l  total  hndgrt 
also  Ifadfi  inrxutably  to  a  day  ot  rrckonlnir,  wh<^tt  tbr  nt^w  {virUity  must  aksiubc^ 
full  opJTAJion.  r.ifhtr  th»'  annual  iinjst  lut  t  iun  hud^;»'t.  is  l  r;*nsf'«>n«*'d  Into  an 
up«  rations  hurtf;<*t,  turfing  oil  ^lU  tutur**  ronstruition  projrcfs.  or  rxi  sting 
oprratlonfv  budf,t^ts,  rtlr^^dy  striiintd  to  thv  breaking  point,  itsust  do  tbi* 
Itspossthl*'  and  ^ibsorh  X\\v  n«*w  <»p»'r^it  U>ns  Brcausr  itje  VI^  ran  b»!  biought 
into  oppr^u  ion  radu.il  I v  «k  anJ^nn^is  ar«'  tlnlshfd  and  ouctlltpd,  vhls  crisis 
has  annouriri'd  its  pri'S«»rvr»'  rarly,  wi'U  V)rfoi»»  the  t?nd  ol  ronstruirt  ion  Jn  1992. 
So  far  Ihv  solutiiiu  in*pc>,s«.d  by  NSF  ha-,  U^vu  the  lait**r  al  r  4»riu4v  I  v«'  -  ^qurezr 
^xlytinf,  optT.u  iohs  still  bardi  r       Fif;ur**  ^  show.s  NRAO's  plann**rt  h«dp,<*T 
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schedule;  tor  bringlnK  lh«  VLBA  Into  ojHTation.  '^c  ual  htutgias  tr»r  19K8  uml 
1989,  mfi  vrlX  as  an  tsstlBAt«  for  199Q«  arc  shdwtt.  Thi'  &buittaU  li; 
«lgniflc;«nc.  If  the  tmd  contltiues,  roughly  half  th«!  VIJ^A  arri»niu*s  will  hv 
left  Idle  hy  ih'»  end  of  construction  for  lack  of  op«fr«tlun?;  fui4din^;, 

ynadequ^cv  of  th^  NSF  Astronoay  Pro^raw  With  Rcnvrrl 


At  th«  Same  time  NSF  astrtinosaiy ,  tUf  major  part  of  fVdot  al  ly •  tundfd  ground 
hasod  astrono'wy.  is  C4ipln|;  with  declining  budgets,  NASA  has  announct-d  planf. 
lor  an  iBpreaNlv<?  array  of  astror.oixiy  and  A»tro|ihyKSc»  mi.s«;lous.  Tlu' 
real!  sac  ion  of  evpn  a  fractltm  of  these  »parM  pUns  will  place  major  new 
deDAnds  on  NSF's  ground  facllltltfs.  The  Hubble  Spdc«  Trlescope  alone  will  do 
this,  and  NASA  hoping  for  two  launchpjK  ppr  yvat  of  «st ropliysic^j  jaisi>ions  for 
the  rft&t  at  the  rcntury . 

The  impact  of  space  astrophysics  el  si;  ions  on  f,rouud"hasfd  iitronoDjy  can 
«aslly  be  seen  in  the  experictnce  with  the  Infrared  Astronomy  SatrUite  (IRAS) 
This    oiJ5iSion    has    profoundly    Influenced    the    cours*'    of    ribt^rih    «u  NH\o 
telCKCopps.    About  iO       percent  of  ell  NRAO  obfiervlng  proj^rams;  are  now  bH.se  i 
on,   inspired  by,  or  related  to  IRAS  resultfs. 

Xf  left  uncorTi  cted,  the  weakened  ability  of  NRAO  and  the  other  €«ut«'is 
to  respond  to  thlw  rhalU^nge  will  iB*san  the  space  piogta®  rtsultsi.  althou^t* 
spectacular  in  themselves^  will  noi  be  f  ^lly  %3Xploltrd  for  theii  ficiinttflc 
valu«. 

As^ronQwy's  Influence       Orher  Sc|eDtilic  PiscipIlneN  Jind  TechnoloiLy 

l*t  me  turn  to  the  second  Issue  raised  by  Ctialrtsan  Walf,ren;  "Of 
particular  Interest  are  your  thoughts  on  vays  that  research  in  afitrnnomy 
contribute  to  the  advanceqient  of  other  fields  of  science."' 

The  atroni^  coupling  between  astronoasy  and  physics  is  obvious,  Hany 
practicing  astronooiers  and  astrophysicists  were  trained  an  physicists  and 
regard  Astron^uiy  as  a  branch  of  physics.  1  believe  the  direct  Influence  of 
a6trono»y  on  physics  lies  in  the  fact  that  astronosiy  provides  physics  with 
exainples  of  physical  systens  the*  do  not  exist  In  the  laboratory.  The  stars 
are  tht  only  examples  of  sustained  nuclear  fusion  processes.  The  bin*iry 
pulsar  1937«?l  provides  th«  only  asipirical  evidence  for  the  existence  of 
gravitational  waves.  Einstein's  theory  of  general  relativity  meets  its  most 
stringent  tests  In  astronoffical  phem^na.  The  history  of  the  early  universe 
is  iiwxtrlcab^y  coupled  to  the  nature^  of  elementary  particles  proposed  by 
theory  and  searched  by  experiment  in  accelerators.  Observations  of  neutrinos 
from  supernova  198 7a  set  limits  to  the  vass  o!  Che  neutrino.  These  examples 
rr  merely  indicative,  certainly  twt  exhaustive,  of  ihv  linkage  between 
v.f^tronomy  and  physics, 

Astronomical  discovery  has  provided  impetus  in  chemistry  as  well.  Only 
in  interstellar  space  is  letter  so  rarlfied  that  highly  reactive  molecules, 
ions,  and  radicals  can  exist  for  long  periods  of  time.  The  discovery  of  these 
molecular  species    in  the  interstellar  aatter  of  the  Galaxy   in  the  1970' s 
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KtifBular«^d     thv     df>velof>p<«nt     of     an     entire     lu  w     t\vUi     of  th«rRl:,try 
astroch^alsf.ry *  to  account  for  fhc  for»^.cion  And  r«*.irU«n  m^Xw%iikK  undrr  sprtcc 
condttions  of  «heK«  nolp^ulri^ .     Uiboratory  spect  rost  opy  of  tURhly  r*'rtcHv<* 
BoUrules  was  also  glvf.n  tortus. 

Astronomic  ill  research  has  a  long  record  ot  cr<»«tlfig  ntiw  t<'chnology. 
Attachnent  A  is  an  account  prt^part^d  In  19«7  of  the  technology  dev€lop»<?ntis 
fostered  by  radio  a«fron<^y  It  Is  an  impteKKlvc  list  of  comrtbutUms  to  thr 
fl<>lda  of  alcrowave  receiving  sy^temn,  dita  correlation  and  rrrordlng 
technology,  ImaRe  restoration  software,  tlmt^  and  freqiumcy  «,taiidat  dti ,  and 
renote  sensing,  navlp^atfon,  and  f,rodf»Ry.  Wore  rocfntly,  th*'  pc^rf orn.^nce  ot 
NRAO-developed  aUrowave  aispUfiers  h«ve  attracK-d  the  /ittintlon  o(  th«' 
National  Security  Agency. 

Finally.  U-!  at'  ^iddrcSR  the  lawt  o!  t.ic  i.s&uef,  hlf,hHRhted  hy  Chnlrm.m 
Valgri^n:  "Your  vlew»  on  priori  tli^s  fot  new  anitronomical  refj»,'<irch  fucllitlefi 
would  be  welcow.  Jn  particular,  what  priority  should  he  aNslf,ned  to 
replacing  the  capabilities  lost  by  the  recent  collapse  of  the  radio  telescope 
at  Oreen  Bank?** 

Prior  to  thr  t'rtllapsf'  oi  thr  "lOO-foot  telescope.  NHAO'r.  plans  tor  the 
aajor  fw-w  facllltU-N  wero  centered  on  the  Hlllinwter  Array,  nu  array  tfle scope 
patterned  after  Xhv  Very  Larg*'  Array  but  operating  at  miUinwfter  wavelenKthK  . 
At  the  sawr  tiim^  u  study  was  going  «n  ol  a  possible  rephiCemvnt  for  the  afiing 
Creen  Rank  telescopes.  The  loss  of  the  ?00  foot  teU-hrope  p.ave  urgency  to  the 
latter  study. 

rol lowing  the  collapse  of  the  300- foot  telescope  on  Novimhcr  lb.  l^BB,  the 
Observatory  staff  and  uf*er  ctwsaunity  worked  to  define  the  wclentlflc 
requi resents  and  technical  specifications  of  a  rpplacenenl  telescope  It  Is 
clear  that  there  is  a  compelling;  sclent  1  tic  ca«po  for  a  fully  steerable.  high 
pcrionsance.  larf,e  aperture  radio  telescope  and  that  new  technology  miikes  It 
possible  to  build  such  a  telescope  at  reasonable  cn.st  that  is  superior  to  «ny 
existing  steerahle  antrniia      tTm  est  I  «a  ted  budget  for  the  entire  project  Is 

(1989)      ttte  t^^lescop*  will  begin  operations  in  lat<*  199Vearly  199*). 

The  scientific  prograa  for  the  telescope  Mid  the  Implied  technical 
requlrementi;  were  discussed  In  a  workshop  held  In  Green  Rank,  DiTcwber  2  3, 
1988.  and  siAsequently  refln«d  by  the  (Hjservatory  staff  (A  ?ladlo  TeI«»5cope  for 
the  Twenty-First  Century- -Sclent if 'c  Considerations  for  the  Design  of  a 
RepUciraent  for  the  300-Foot  R«dlo  Telescope)  .  The  tele&cope  will  Q»ake  giajor 
contributions  to  t!.  study  of  thr  structure  of  the  unlvorse.  the  gasi'ou?* 
content  of  galaxies,  sola* /sttel  lar  phenomena,  nKilecul^ir  clouds  and  a  tar 
formation,  evolution  of  galaxies,  the  solar  syst<»m.  (he  nature  oi  radio 
galaxies  and  quasais,  fundaiwntal  catalogs.,  bt;  veil  as  ^ippl icat lonfi  to  space 
VLBI.  Despite  the  dlvtrsity  of  scientific  need*; ,  a  tclthcnpt'  design  has  been 
specified  which  offers  aajor  technological  advancts  uver  existing  InsttujRcntr 
to  every  relcvarjt  area  of  rei^e^jrch. 
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At  Iciiif^vx  Wiivt' 1  irifttis  th*-  n'W  Tol<'SCt»tK*  will  h.*vi-  tron  rllrttiv*' 
col  Icct  Ittf,    are.'!    inmi^.Hii'.i    with    thv     M)0  fool     («'Us''«|><  ,  w**  i  I    .^f,  inM 

Ntrprohillty  ami  ucvi^k!;  to  fhr  f.alnrtic  n  itror.     Af   shor  tvr  wavt'lc  u^.t ^''^  iHr 
f^i'tieiUivity  ni   thr  lU'V  I  plrsrupv  will        v»  <i  hy  a  M*bsC.iul  l.il  f^'**^ 
any  OtluT  fully  #>t«<rrabU*   t<  l»'6«'Opi'   U\  thr  wor  lU,    inr Luting;  thi   M.*x  riaJwK- 
Itistllul   fur  Ri*dlniiNtM)m)«i«   MO  mi  trr  t«' l«^vro|^<*  in  Kf  { «•  Ishrt  f.,  c;rici,*i>y  At 

setting  <*iui  he  achi«'V<'d. 

wrrr  &ttuU«  <1  by  a  K^nup  of  NHA<'^  <*n|r^Jiw'rrf;  ard  st- IrTU  i «, l    .     Ttu'li  wa^or  l  liiiilnf, 
t  hat    tlu*   rosr   of    i  hf    trlvu-opi'    is   only  wt  aVly   d<'p«Mu1<Mii    on    ih»»  hlp,h- 
fr''mi*'ticy  optM'.it  Jt>ti.<l    liirir.  .   Ri't  iiK'smit.-.    in  piiiu'I    ni.inut^u  lur  inj.\  tinl<5 
allow   (or    thv    xtnuiuv   uKf.«*rohly   i»f  with  a    r^vir  tiijvi/ui'  Miri.iio 

Accr.racy  ui  i^huui  ;o  mi<'r«mt  t*Ts ,        that  tlu-  pt'tf  uiniaiu «'  of  Ihv  tu'w  t vit-t,* 
ax     fihort     w.»vi'liMif;Ttr      is     df-|H'rut«'ia.     t'li  f«rtti7i^^     <>t     t\\v     p.infi:.  aiul 

cofEpcnhai  ton  lor  f,;  avl  t«c  ional ,  ihi'iiBal,  tnd  wind  tJi»t<iiw.U  lou.s  ol  xhv  suppnri 
tit  J  uctvuf  .  suppoi  t  hif,  tb<'  panels  nti  muTni  i;',«'d  adjusn-rs  vnul  timtM»Uinj', 

th«"  ji<»rtln^;  fiorordlrif*  r<>  a  pre  •  del  mulufd  l*>oW  up  rahlv,  th«'  f;f.iVUjM  lnn.il 
drllfcf  ion-,  cuv  he  rnnt't^lU'd  ko  th^ft  rho  •Mirf  .*f'c  ri»of -roism  squ^iir  If,  X/IO  .^t 
\  -  ;  nini  or  bi  Mt  r  KurlhiT  ri*f  iiw  wnt  ol  thr  look  r  ;ibh*  uuf\  th*'  add1t  lni\ 
of   conipt'm..if  iou  thi^f really    liidurrd   di-f iirmat  itMis   will    «'v<'iif u;iU v  allou 

oprrali<tti  .'it   JihMifir  w,iV*'lfn^;Ui'. ,  psrlujp;.  to  ?  nan 

Th4'l?    ii^port  difi(osf.»v.    p^jitifinp.    rt)ii;^id«  liit  i<iiis    j.tid   rail  hods  tot 

rcducliif,  api'  lui*  bit « k**j.;i* .  AU  of  thr  tiplloij.N  prtiviili-  ifflj)rov*n)t'!\r uii 
cxIsc.Iti^  t.clf'M  t,p..s  and  ini,r*;as*?d  pruitt  t  ion  t  roin  ini  «-rti-i  s i p.na  1  ?i •  - nat ui <•  I 
«ftd  i5«n-Hiod<' .  Th^  bff.r  p«?rlijr»anc<f  option.  «  lijtaily  unbUukrd  aprituif, 
rc<qulr«f*^  detailed  i^irurtural  ^malysiK  lu  vv«liiatv  Its  ( i^s  lb  i  1  It  y  -  An 
unblock<-d  dc'si^'.n  costs  moie  for  a  p.lvi-n  di^'im<  t»  r  !>i/it;  n  ruuwux  inn.tX 
axtsyoist  trie  d<'sir."  A  division  to  bvUlti  fui  itiibl ncki'd  d<-si)',n  lor  tht-  v•o^t 
cNtimiiti*  Riv^'ti  bt'Jow  wouhl  imply  «  b  st  op*-  oj  U-ss  than  Vu)-i?i  but  Tioi  t-  I  h.u; 
/0-m  dlfliBi't  vt . 

Grt-oti  b.uik.  V>'St  Vlrii^inU,  In  thi^  obvious  cht'U:*-  of  :.iti-  f<a  the  m-w 
trloscopf.  A  KvibMautWa  inf  rast  ruct  aff"  alr^-udy  cxlM&  In  c;r««-n  Bfijik . 
tugi'Lhcr  wUlt  a  -slci  U**d  staff  rh^t  \ui^  aany  yrarh  txprr  Irnci-  in  3Kinf,U-  dish 
irtdlo  afitroiiomv.  Thr  tact  that  Cr<"i'ti  bank  >a  In  th«'  Nnrioiml  k.idlo  quiit  Zmw 
and  fnJoyN  prwt«  iUon  Iroa  ctrtfiin  torw;;  of  radio  im <Tt<'r<  tier  «  n^a^or 
considi^rAtion  The  NRq/..  plus  alntwlzstlon  oi  bl^kaf,**  In  thv  ut  v  tfl^r.sropf . 
will  aakp  tbl!«;  f^rUJTy  thf  wost  povrrfu)  in  thr  world  for  proJ*Ttft  fi«n«itivf 
to  inf  erf  rrvm  i-  For  VU^I  nppl  Icrtt  ions  Tb<»  ^aat  coist  loraMoo  co«pl€'m«»ot  i. 
tht'  laxB,^  colhrrltiR  aroa  Rv«iJablp  with  thti  Vl-A  In  fh<>  southwest  «»id  ih«» 
100. IB  Klf«»lsbi'rft  flnttnna  In  Europe.  Kin«ny.  the  site  i.s  acceptable  for 
obstirving  at  s-evrv.-il  nilillBBrtrrs  WttVeJenp,tb.  Atmlysifi  of  raiUo sonde  data  (F 
R,  Schwab.  -Analysis  of  Redio?5onde  Data  from  Hunt  lof.tou  WV.  Pittsburgh  PA.  mvi 
Albany  NV ,  N!,SKT  HesMtranduj^  No.  S.?,  KKAO)  shows  i;rern  Hank  to  bi*  etpjlvalent 
to  the  Five  College  K»dio  Asrrotiooiy  Obspiviitoiy  fiite,  in  H^ii  sachusi  i  1 1. .  wheie 
thexe  are  ye^irs  ol  experienre  in  isllllraeter  w.^veletif.rh  obr.rrvln^. 
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imuM  ca»|i{«E<*d  with  i  *iost  i  net  ton  of  it  m.itoi  t\i>w  mcilify.  Thi-  uj^^'i  atW  tlu' 
ArtTcltKi  Olisi^rvfitoty  li;  one.  Jt  U  a  mniiticfW  ol  tin-  t«  *<i  t.piU'K  i.nd 
rfCt<lv<'X  t*:4Hl!i  t  ht'i  with  umtalhit  Inii  <!  pmu-cfitin  .i*^;.UiK;i  f^rtmn.l 
radiation  that  wtuiM  f^i««atl'    incrvasr  ihv  1 1  ivlt  y  o|   ilu-  til««,t«|jr  NASA 

h.«N  ofl«T«>d  to  |U4v  imj^',hly  half  of  tht»  m^t  if  NSF  wUl  fnoK-td  vlih  the- 

projpcr.  It  1m  ini|uirlAnt  to  do  do,  ifsp<*clttlly  If  «  ni»w  t *•  l«'S<  njx*  bui  lt  In 
Crcrn  Bank  Ttif  An  citKi  and  JOO  f  ont  r«'U^N<  oprs  wtn-  hoth  uj.^d  fm  tj-^uiv 
ob<»crvinf,  pro^jHrnn.  Ar^^cibu  providing  j^n  ^trr  nvnai  t  ivix  y  fot  Hwltt  d  part 
of  th<?  sky  atid  thf  100  f<ic»t  f;rf/irrr  ^ky  rovot/ip^t*  .|^  r*»d\ir«Ht  sensitivity 
Bufldinj;;  thr  iv  w  (..n  rn  Bunk  t<'U-vt;opi'  c.dlr.  for  a  i  «»n»  nni  U  .<tit  hiori-as*-  In  v\u* 
poW€>r  and  f  U'Kn^lllty  nf  the  '^ihtit  insfnim»^nr  in  Air«  Ihu  iq  j.tt.srrvi'  thv 
bnlatu'r  in  ra|vibi  1  i  r  y 

At  short 

Intt't  f  el  4>«»>t  t:r?; .  N5t  lunU/i  th<-  rt>r>.M  rui  l  iun  aui!  njni.ii  ii^i  ot  tv^»,  bu(h  in 
Callfornivi,  uf  t  !u>  >l:it  Cri-ik  {UC,  Hiikrlry)  /mci  Owlon  V.illiy  (,i:.ilf*Mb) 
obscJV/ir cries  Tbt.N*'  {  ampW  ow  n!  y  f  .u  i  I  j  t  i  art-  ibi  |>rniot yp**?.  f<.»r  the 
Hllltift«?f»'r  hit  ay  atxtx  ihv  rcNultN  ittm  iUvuv  Ini  iM  It  rofiK^  t  i  &  fviim  wtuh  of  rhe 
Inpetuf;  for  buildinp.  tlu^  rtiUlmeter  Arrny .  It  ti^  import  *4nr  tb^it  this  work  bt> 
supp<>rtt'd  fnr  ihv  s.iki*  tti  thp  .srlenrt-  /*nrt  to  f«nsuri'  rb^t  Ibis  an  .i  ryn  inm-s 
to  dtfvrlop.  hty  tb.it  t  icbnfqiwfi ,  ttulnrd  pi^r^ionnf  I  ,  n\n\  r.rlentUir  srr/»rt'^,ii-s 
at*'  in  plart-  in  fbf  rcld  l4V<i's  wbt'ti  n  fu  r  ious  rftorc  on  rb*-  MlUimrtvi  Ai  rav 
enuld  b4*|?^iti. 

1  will  iMid  with  i,tmt'  brief  Tiimjirl<s  «n  an  isin^t^  tb-it  b-*^  nci-iv^-d  aitenMoi) 
from  time  to  fiwjiv  "tu  thv  halmwf  iiinong  the  Vi^riuuft  rUnuntf;  ot  r.ho  NSl- 
«f«tr<moa)y  proftra*  «pprff|>«  latf?"  I  wiH  fo<  uii  on  r-r*dt€i  .ist  ri»nc>wv .  but  the 
reftarkK  are  f^eiu'iany  .fcppltrable  to  opricsl  *    tnmtmy  will 

\)  S.  radio  astrnnctsiy.  vblrb  in  essentioUy  s\ippnired  only  by  NSK.  r<»r,ls 
on  a  iripnd  of  institut  ion<U  artlvitii^:  tbi?  National!  Centeis,  NRAO  and  NAIC: 
thp  imiversify  obNerv^tortes  and  Major  viniv^r,sity  rt'^eufrb  ^,Tcivips.  atid  the 
Individual  invt^sl  lfr«lorfc ,  bncb  with  und  without  gr^tit  j«uppolt  f  ro«  NSt  .  All 
arip  eitsrntfal  oUaititfi  of  thr  entire  pro^ism.  Ttw  b-ilatue  betwef-n  tbene 
oleisetit&i  bun  evolvtd  with  experienec  aeeuj?alated  over  isatiy  ye**!?*.  Tlie 
rrfiiiltlng  lOiobinaMon  UnH  been  rof^t -effect  ive  atid  ?;e- ient  J  f  irall  v  prodnct  ive  , 

E«ch  ele»*'iit  pr(»viae5  $Ott«'thliig  unique  on  wfilch  the  ^rvf^ram  drp<»ndK  .  The 
c«fntrr»  provide  3«rf,i»  fariliti^N  «^ilch  go  well  fn-yntuf  whrtt  raf»  be  doiK-  with 
university  Nc  ule  tejesropefi.  The  nnlvere»lry  observator  1«  i^;  provide  r>rsallrr- 
scale  iAclllrleir  (b«t  ^r*?  often  the  prototypeR  of  future  n-itfot^Al  fiiclUtleri 
«nd  are  the  craininK  ground  lor  future  lnstru4Knt  builders  Kveiyone  does  the 
science,  but  by  far  the  bulk  ot  It  Is*  accos^pH f*bcd  by  individual  un1v»r>»lty- 
baaed  Invent  i^.^t  urn  . 

The  role  ol  NHAO  is  inustrat  ive  and  presented  in  somewhat  toori»  drtAil  in 
Artachaenr  B,  "A  Profile  of  the  NRAO  V*  t^^er  ;6l  u;-er?a  frnC5  lf^  in^t  i  tut  ion?; . 
(ficludlng;  l?l  ^.tudcnts,  used  NRAO  telescopes  in  19«8      Tt.e  NRAO  f,taff  u?;ed  lU 
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(proposaJs  rrvit'w<*d  by  finonym<utPi  rrfcr<H»«i)  with  all  uKfrj» 

Thr  NHtlfUi^l  Cfiitorsi  play  a  crltU;al  rolt  ii\  iJiuvicUnf,  cilusiMvin^, 
faci  lU  i«^f«  Iwr  yoiitii?,  pvo|ilc>  ctr^t  aibllF^hlnf,  their  r.in'vrs  Mf»ri*  ul  tt»ii  ihun  not. 
thry  have  lui  f,!.-!!*!  j;uppurt .  If  thvy  i'tm\H'Xc  fiuccrssiullv  foi  limv  <^in  NRAli 
f  li'H('<i|)4.'i;,  iht'Y  iilno  rt*v<»lv««  MF^slst  uticv  iai  ttuvvl  to  ( trliN«(ip«>  nnti  tor 
4ata  redwt  i*in  nt\<i  support,  wlrh  p«f;c  ch.nrpc  fxpi  nac?*  whfn  t\wy  pubJlrh  thrlr 
results,  F«iUut«>  to  e;up|nu  t  this  group  tif  Ufitrs  W(iul<^  hnxv  pri»!«mndlv  k<  i  lov^s 
Cfinitir.qui  itct^t*  ii\V  Ihv  f  ututr  of  antiofutisy 


Th«»  intt*tcM  of  f  h»'  N\ihcf»maillt<?«»  1u  th«»  iutr<^uai'V  of  tuiidlnf^  for  iht>  NSF 
astronomy  prf^f^ram  Ik  tlwvly  fn  thnt  Ihv  IH^O  hwdf^  t  '.li nation  rritical, 
AIJ  hud^,<»tjv,  borh  for  ihf  NailomU  C«'nt.rtr.  :imi  for  f  hi'  R<fU'«rrh  Craiits 
rtaf^ram.  art*  fcorJouNly  tnadrqu^>t#> .  rri.»rapt  .^if  t«<iit  ion  and  c«i  lict  lv«'  aci;lnn  i« 
rrqulrod  ! i>  privtn*  i  TliipHtif.  «,tiim«f.r  r<»  thr  rutii-tiT  «cTlviTir.s  anvi  liu:lHtlrs 
u*Hl<»r  coji6it  r.ct  l<»ii .  *ir  I  t'nr  I  He  rhiilliMifV'"  «b"utid  In  astruuDniy  nnd  vaM  (or 
fli€  Tiffit  ly  cunra  MJi'l  S«n  of  nev  farllinrK.  Hiit h  U\  r^dio  and  t^ptfcai 
«9»crofiotny. 
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National  Radio  Astronomy  Observatory 
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OVOtVIEW 


Radio  Astronooy  is  a  science  that  is  driven  by  the  pace  of 
technological  laproveoents  to  Its  research  Instruaientatlon,  Although 
tha  pioneering  vork  In  radio  astrora»y  was  conducted  prior  to  1940,  the 
Infant  science  did  not  fully  blossoa  until  after  World  War  II.  Miijor 
advances  in  the  science  caoe  in  the  post-var  era  priaarlly  due  to  the 
availability  of  the  superb  radar  inatnmentatlon  developed  during  the 
i#4r  and  ^Iso  because  of  the  Interest  of  brilliant  technologists  who  had 
excelled  as  radar  and  radio  engineers  driven  by  the  war  effort.  It  was 
clearly  evident  then,  as  it  is  today,  that  in  order  for  a  radio 
astronomer  to  work  at  the  forefront  of  the  discipline,  his  Instrusients 
needed  to  be  at  the  forefront  of  the  associated  technology. 

The  cosBBunlcatlons  Industry  has  Instruoental  needs  that  are  in 
nany  respects  sinllar  to  those  of  radio  astronomy,  with  the  ^jor 
exception  that  radio  astron*>»ers  have  no  control  over  the  natural  radio 
signal  transaitters  that  they  struggle  to  detect.  Consequently,  radio 
astromaiers  have  always  been  forcsd  to  develop  antennas  o  the  highest 
gain*  receivers  of  the  highest  sensitivity,  and  in  gener«  instruaen* 
tat  ion  that  defines  the  state  of  the  art  in  signal  reception  and 
analysis.  In  many  cases  the  required  Instrwentatlon  was  not  available 
In  other  scientific  disciplines  or  in  industry  and  had  to  be  developed 
specifically  for  radio  astronosy.  Of tent lues  non- radio  astronomy 
applications  were  discovered  later.  In  other  cases,  a  move  sya^iotlc 
relation  between  the  needs  of  radio  astronoioy  and  those  of  other  sciences 
or  of  industry  led  to  the  developoent  of  instrumentation  of  value  for 
each  discipline.  However,  in  all  these  circunstances  the  technical 
requlrenents  of  radio  astronoisy  have  directly  or  indirectly  fostered 
technological  innovations  of  wide  applicability. 

Engineering  and  software  developments  done  principally  for  radio 
Astrono«y  have  contributed  nost  to  the  five  specific  areas  of  technology 
that  are  described  below: 

Sensitive  microwave  receiving  systeiBs,  Including 
high  gain  antennas 
low  noise  receivers 

solid  state  oscillators  and  frequency  multipliers 
cryogenics 

Data  correlation  and  recording  technology 
laage  restorati'^n  techniques 
•    Tine  end  frequ«,*ncy  standards 

Re6»>te  sensing,  navigation,  and  geodesy 
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SOiSITIVE  KItlUHIAVE  lECEIVINC  SYSTEMS 


A.       High  Gain  Antennas 

Radio  astronomers  desifjin  ami  build  antennas  of  tht;  largest  possible 
slj^e  and  quality  because  celesti.^l  signals  are  extremely  veak.  This 
requlresent  ha»  led  to  several  oajor  new  technological  developisents  that 
are  Just  beginning  to  find  (^oaaer  lal  applications. 

Hoaaolofiy  Principle 

One  of  the  sajor  Hal  tat  Ions  to  the  construction  of  large  steerable 
antennas  with  precise  reflect! og  surfaces  Is  the  gravitational 
do format ions  that  change  as  the  afitenna  is  aoved  froa  one  sky  position 
to  another.  In  1967,  S.  von  Hoerrur  published  his  Hosology  Principle  in 
a  paper  addressed  to  a5tronoa^(fr5^  and  in  another  to  structural 
engineers^.  An  antenna  vith  a  d'sslgn  that  incorporates  homology  will 
deforo  under  changing  gravltaticinal  stress— but  it  will  deform  into 
another  paraboloid,  albeit  one  v!  ch  a  different  focal  position  and  focal 
length.  By  tracking  the  fcicus  thi;  effect  of  the  gravitational  deflection 
is  fliinifflized  and  very  la^  ge .  ac  curate  antennas  are  possible.  In  the 
strictest  sense  only  radio  telescopes  have  sade  full  use  of  the  hosology 
principle,  but  nowadays  all  dr^signs  of  large  reflector  antennas  take 
Advantage  of  homology  at  least  to  so9e  degree.  As  the  cooaaerclal  antenna 
industry  TOves  to  ever  hi^er  ilrequencles,  hoisology  will  become  even  aore 
important.  The  Very  Long  Baseline  Array  (VLBA)  antennas  are  examples  of 
a  nodem  design  that  has  replaced  an  old  25 'S  antenna  design  providing 
«  factor  of  four  laproveisent  In  rigidity. 

Holographic  Antenna  HetrolofcV 

Until  recently  the  only  techniques  available  for  verifying  the 
surface  accuracy  of  an  antenna  were  mechanical.  Although  radio 
astronosers  helped  develop  these  i^echanlcal  techniques,  their  greatest 
contribution  to  antenna  metrology  is  the  recent  development  ot  an 
electrical  technique.  This  so-called  "holographic  method"  uses  the 
Fourier  Transform  relationship  between  Che  aperture  illumination  and  the 


*  S.  von  Hocrnerp  "Design  of  Large  Steerable  Antennas."  Astron.  J , . 
vol.  72.  p.  35,  1967. 

^  S,  von  Hoerner.  "Homologous  Deformations  of  Til  table  Telescopes," 
Proc.  ASCE  -  J.  Struc.  Dlv..  vol,  93,  p,  461,  19/6. 
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dlff ruction  pattern  of  an  antenna.  Scott  and  Ryle'  first  used  this 
technique  to  evaluate  the  antennas  of  the  Cai^rldge  S-kai  array,  following 
m  lu^sestlon  of  R.  Hilla.  Bennett  fil.-Al*^  wre  the  first  to  Ri^lish  a 
discusalcn  of  the  technique.  The  University  of  California,  Berkeley  radio 
asttonoory  grotip  were  the  first  to  reset  the  surface  panels  of  an  antenna 
using  this  technique.  It  has  b€»en  applied  to  the  evaluation  of  virtually 
all  aajor  radio  telescopes,  and  it  is  now  part  of  the  routine  test  and 
acceptance  prograa  of  nost  new  telescopes. 

Holography  is  a  valuable  new  method  for  aeasuring  the  aaplltude 
and  phase  of  the  electric  field  in  the  aperture  of  an  antenna  amX,  as 
antenm  standards  a'-e  tightened,  the  antenna  imlustry  is  enpected  to 
nake  Increasing  use  of  this  technique.  Two  firms  evaluate  antennas 
holographically  as  a  coosserclal  service:  a  group  in  Sheffield,  England, 
and  Interferofietrics.  Inc.,  of  Vienna,  Virginia.  NASA  has  adopted  the 
technique  as  the  standard  for  evaluating  the  quality  of  the  antennas  used 
In  the  Deep  Space  Network. 

Correcting  Subretlectors 

An  Improved  knowledge  ot  the  irregularities  of  the  primary 
reflector  has  suggested  »ethods  for  their  compensation.  In  1976, 
S.  von  Hoemer^  published  a  procedure  to  correct  for  such  errors  by 
constructing  a  subref  lector  with  Cf«pefisatlng  errors.  Most  radio 
telescopes  employ  multiple  reflecting  surfaces  to  bring  radiation  to  the 
receiver  systev  and  Von  Hoerner's  idea  was  to  improve  telescope 
performance  by  dealing  with  a  small  subreflector  rather  than  the  large 
primary  surface.  The  first  application  was  the  deforroable  subreflector 
on  the  NRAO  140- ft  telescope  which  coinpensattd  for  gravitational 
deflection  of  the  primary  surface  by  bending  the  subreflector,*  More 
recent  applications  have  fabricated  optics  to  correct  for  specific 
surface    errors    revealed    by    holographically    produced    maps.  The 


'  P,  F,  Scott  and  H.  Ryle.  "A  Rapid  Method  for  Measuring  the  Figure  of 
a  Radio  Telescope  Reflector,"  Hon    Not.  Roy.  Astr.  Soc. .  vol.  U8,  p.  539, 
1977. 

*  J.  C.  Bennett,  A.  P.  Anderson,.  P.  A.  Mclnnes,  A.  J.  T.  Whitaker, 
"Microwave  Holographic  Metrology  of  Large  Reflector  Antennas."  UE£  Tranfi  > 
An^.  &  Prop.,  vol.  AP-24,  p.  295.  1976. 

*  S.  von  Hocrner,  "The  Design  of  Corrt^cting  Secondary  Reflectors," 
ISpE  Trans.  Ant.  &  Prop.,  vol.  AP-24,  p.   336,  1976. 

*  S.  van  Koerner  and  W-Y.  Wong,  "Improved  Efficiency  with  a 
Mechanically  Deformable  Subreflector,"    ][ERE  Tr^ns.  Ant.  &  Prop.,  vol.  AF- 
27,  p.  720,  1979. 
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California,  Berkeley  radio  astrontMsy  group  recently  reported  iaprowmencs 
to  one  of  their  «illl«eter-wave  telescopes  by  use  of  an  error -correcting 
lens.'  The  University  of  Texas  Billiaeter  astronomy  group  has  made 
dramatic  improveoents  in  the  high-frequency  perforwance  of  their  ^ 
telescope  with  error-correcting  wirrora.®'''  Hi^  perforcsanc«!  telescopes 
of  the  future  »ay  well  incorporate  error -correcting  optics  as  a  standard 
technique  for  aeeting  specifications. 

High  Efficiency  Antenna  Fe^ds 

In  the  1960's,  driven  by  the  needs  of  radio  as^tronoaiy,  engineers 
and  astronoocrs  in  the  U.S.  and  Australia  independently  developed  feeds 
%ihlch  efficiently  llluainate  the  aaln  reflector.  These  circular -aperture 
hybrid-aK>de  corrugated  feed  horns  are  widely  used  now  In  the 
cosmunlcations  industry  and  are  essential  to  the  operation  of 
conunicatlons  satellites.  The  history  of  this  development  has  been 
documented  recently  by  Thomas^^.  These  horns  are  manufactured  by  aany 
companies.   Including  Rantec ,   Inc.,  TIW,  and  ERA  Technologies.  Ltd. 

B.        Low-Noise  Receivers 

Ha5(«r  amplifiers  were  first  used  in  the  I950*s  by  the 
cosvaunlcations  Industry  and  radio  astronomers  for  the  reception  of  weak 
signals.  Early  consminlcatlon  satellites  transmitted  at  a  comparatively 
low  power  level  due  to  the  scarcity  of  on-board  electrical  power,  (This 
is  less  of  a  problem  these  days  since  the  advent  of  higher  performance 
solar  cells.)  The  Interchange  between  techniques  developed  for  radio 
astrofwmy  equipsient  and  for  military/coB»ercial  equipment  was  especially 
true  in  the  area  of  maser  development.  Following  the  pioneering  work  of 
Townes  at  Columbia  University  and  others.  AIL  (Airborne  Instruments 
Laboratory)    built    a  number   of   maser   systems    for   a   wide    range  of 


'  J.  Hudson,  abstract,  URSI  (National  Radio  Science  Meeting).  June  1985 
Vancouver  meeting, 

•  H.  Foltz,  "Dual  Subreflcctor  Feeds."  Technical  Report  No,  85^3,  Elec . 
Engr,  Res,  Lab.,  Univ.  of  Taxas  at  Austin,  1985. 

"  C.  E,  Mayer,  ''Texas  5-m  Antenna  Efficiency  Doubled  at  230-290  CHz 
with  Error  Correcting  Secondary  Optics,"  abstract,  URSI  (National  Radio 
Science  Meeting),  January  1986  Boulder  meeting, 

Z,  Hack.  Thomas,  "A  Review  of  the  Early  Developments  of  Circular - 
Aperture  Hybrid  Kodt^  Corrugated  Horns,"  IEEE  Trans.  Ant.  &  Prop.,  vol.  AP- 
34,  p,  930,  1986, 
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applications.  Each  one  advancad  the  under staiHling  of  this  new  techniqu^r; 
nemm  mrci  sii^ly  copies  of  previous  units.  Radio  astrcmoisy 
instmaentation  was  aa  wich  of  a  aotivatlng  factor  as  the  pressure  for 
is^roved  satellite  cooraiicatlona.  Haser  systess  installed  on  the  Parkes 
Radio  Cftiaetvatory  anteraia  In  Australia  received  data  frcm  the  Giotto 
satellite  ihiring  its  closest  approach  vlth  CcMt  Halley^^.  Althou^ 
Mser  aaiplifiers  have  been  largely  superseded  at  lower  frequencies, 
ifeveloi»aent  is  being  contimM^d  by  HASA/JFL  for  reception  of  ireak  signals 
fro«  deep  space  probes  and  also  by  the  rRdlo  astronoay  cc«88unity  for  use 
In  the  20-50  Qis  frequency  range. 

Parage trie  Afflplifiers 

Strongly  supported  by  radio  astronc^,  coapanies  like  ML  (Airborne 
Instnoents  Laboratory)  developed  paranetric  amplif^erb  in  the  late 
19M)'s«  Specifically,  the  radio  astronoisy  comunit^  provided  a  auijor 
part  of  the  driving  force  for  hi^er  sensitivity  and  wider  bandwidth  at 
higher  frequencies.  The  satellite  coimmications  industry,  both 
coiMercial  and  vllltary,  benefited  in  the  1960's  and  I970's  fro«  thla 
earlier  work.  In  fact,  a  series  of  covpanles  «rere  fomed  on  Long  Island 
idmut  this  time  to  seat  this  need  for  hlj^  performance  satellite 
coooRinicatlon  systess.  The  entrepreneurs  who  started  sooie  of  these 
cofl^anies  (LNR.  Coatech.  etc.)  had  been  actually  involved  at  the  bench 
level  in  building  parametric  aoplifiers  for  the  radio  astronony 
coswunity . 

CaAs  FET 

The  puah  to  develop  CaAs  FET  (galliua-arsenide  field  effect* 
transistor)  aisplifiars  case  largely  froa  the  cosmuni  cat  ions  industry. 
These  have  replaced  para«etrlc  aispllfiers  as  the  nost  c<»]i9u>nly  used  low* 
nolae  aopllfier  for  the  reception  of  satellite  transsisslons .  However, 
the  radio  astronoay  coasiunity  (NRM)  and  the  Uni>^rsity  of  California  - 
Berkeley)  have  pioneered  the  developsient  of  cryogenically- cooled  GaAs  FET 
aaqvlifiers  for  high  sensitivity  receiving  systems.  Berkshire 
Technologies  was  formed  by  former  radio  astronomers  to  meet  NASA  and 
l..:«%^try  requirements  for  cryogenic  GaAs  FETs. 

Hon 

HEMT's  (high-electron-oobillty  transistors)  are  recently  developed 
■ealconductor  devices  that  have  already  found  their  way  into  both  the 
cMputer  and  conaunlcatlon  fields.    Again,  the  radio  astronoay  coiBflninity 


R.  Reinhard,  "The  Giotto  Encounter  with  Coiket  Halley."  Nature,  vol. 
321,  p.  313,  1986. 
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(IIRAO)  with  help  froa  NASA  <JPL)  has  supported  the  developrcnt  of  HEMT 
devices  by  GE  and  Cornell  Unlveraity  for  use  In  cryogcnically-cooled 
upllflers.  Since  these  developaents  «re  relatively  recent,  the  full 
Impact  Is  not  clear  yet;  however,  the  NASA/JPL  DSN  (Deep  Space  Network) 
la  evaluating  the  uae  of  these  ai^llflers  to  replace  saaers  which  are 
difficult  to  salntaln  In  the  field.  There  are  also  early  Indications 
that  there  is  Interest  by  a  cc^any  involved  in  defense  vork  in  a 
technology  transfer  froa  NRAO.  These  a^llfiers  are  currently  being 
installed  on  the  Very  Large  Array  (VIA)  In  order  to  obtain  higher 
sensitivity  for  the  reception  of  signals  froa  Voyager  II  during  the 
Neptune  encounter  during  August  1989. 

Schottkv  Mixers 

Cooling  reduces  the  noise  of  sol id* state  aaplifiers.  Veinreb  and 
Kerr"  pioneered  the  application  of  cryogenic  cooling  of  GaAs  Schottky 
mixers  in  order  to  ii^rove  their  perforasnce  for  radio  astronooy. 
Although  the  cooling  of  alxers  has  not  found  vide  comerclal  use.  the 
engineering  that  has  gone  into  the  fabrication  of  cooled  mixers  has. 
The  IEE£  papers  of  Kerr  and  Archer  have  attracted  world*vlde  interest 
froa  CQoaercial  and  defense  organizatiofiS.  Kerr  and  Held  vere  avarded 
the  IEEE  Microvave  Prize  for  their  papers  covering  conversion* loss  and 
noise  of  microwave  and  allllaeter-vave  alxers^^'^*.  Nlllltech  vas  foraed 
by  a  few  talented  radio  astronomers  and  is  now  a  aajor  support  firm  for 
millimeter  and  subaillis^ter  wave  technology.  The  success  of  this 
company  coses  froa  having  the  right  background  at  a  time  w)  en  the  defen&ie 
industry  needs  aoved  up  into  the  allliaeter  range  (battlefield  radar 
systems »  etc . ) . 

^uperconducting-Insulatinfe  Superconductlng  tSIS)  Mixer? 

Mbst  mtajor  tadlo  astronomy  observatories  asking  millimeter -wave 
observations  are  currently  developing  SIS  mixers  for  low^noise  receivers. 
Several  observatories  are  successfully  using  these  devices  in  receivers. 
Despite   the  few  years  that  these  devices  have  been  in  use,   there  is 


S.  Velnreb  and  A.  R.  Kerr,  'Cryogenic  Cooling  of  Mixers  for 
Hilliaeter  and  Centiaeter  Wavelengths . *  IEEE  Journal  of  Solid  State 
Circuits,  vol,  SC-8»  February  1983. 

A.  R.  Kerr  cn^       Held,  "Conversion- Loss  and  Noise  of  Microwave  and 
Hilliaeter -Wave  Mixers:     I  -  Theory,"  IEEE  Trans,  on  Microwave  Theory  and 
Igfib^,  vol.  «TT  26.  p.  49,  1978. 

A.  R.  Kerr  and  D.  Held,  "Conversion* Loss  and  Noise  of  Mlcrow<»''e  and 
Milliaeter-Vave  Mixers:  II  -  Experiment,*  IEEE  Trans,  on  Microwave  ThvQ|:y 
and  Tech. ,  vol.  MTT-26,  p.  55,  1978. 
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int*rchang..  in  progress  b«tife«„  NRAO  and  several 
coMFrclal  and  govenaeiit  organizations  (Hypress.  NRL.  KSA.  etc.). 

Sfflld-Statn  Osctli^^^yrg  MulUpH^rf, 

w-l  ■""»«'^«'^-'">ve  sources  for  use  as  broadly  tunable 

3™rM!?J       T  astronomy    are    not    readily  available 

co«erclally.  Consetjuently ,  the  radio  aatron«»y  co«aunity  has  «ade 
^ic^^  *1  -«^«^op«,nt    of  tractor  Ju^UeTs" 

^f^'^Rt  '""'"*  Gunn  oscillators"  (Carlstro.,  Pla«beck.  and 
li^fT     L  T^V"  co««.rcial  interes.   m  theae 

SSeclnr^  «>rV  at  Millltech  Inc.  has  led  to  their  s^cessfu! 

Crvoecnlrs 

«  r  T^"  l^^-nois"  «»PUflers  used  on  radio  astromuiy  antennas  .re 
generally  operated  at  cryogenic  teaperatures  -  15K  or  4K  are  CG«»>nlv 
IJ!^,'-  f  closed-cycle  refrigerators  used  are  usually  Cifford-HcHahon 
refrigerators  built  by  CTI  (Cryogenics  Technology.  I„c  ) .    The  4K  ay«« 

^n.bSitv""r7^r"^"""  •<W-on*!;oule.Tt.o,p'I'o,.  eirc"t 

r!iJ«  .  cryogenic  systems  has  always  been  Important  to  the 

radio  astronoay  coi^ity.  and  radio  engineers  have  worked  closely  wlS 
the  manufacturer  (CTI)  to  improve  system  perfon«nc.  and  reUablHt/ 
iT^i^^"^'^'"'  f°  that  were  developed  and  evaluated 

ilafTad  h7  \'«'"T»"««l'»y  the  manufacturer.    These  systems  have 

l^l^t  t**"  semicom-  ctor  industry  as  central 

component  of  low  temperature  vacuum  pumping  units. 


"  J.       Archer,  "An  Efficient  200-290  GHz  Frequency  Tripler 
•h.«-Kr.*!^"i5^i\f*^^'l"'''  «>•  0-  Thornton.  "A  Continuously 

S  vJ5:'i^o;.T6?r';5jr'"  H1rr...v.  Theory  nnd  ' 
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II.    MTA  OSUtEUTlON  AND  WCOmiHG  TWCmiWGf 
A,        p^gltal  CQryi»l«tl«i  Tachniduaa  for 

Haivf  r«41o  Mtrono«ic«l  €*Mrv«tlcm»  lnvolv»  tha  spectral  analysis 
of  «  broadliaDd  algnal,  eost  cu— on  esm9>lci  balng  cAjssrvatlons  ©f  an 
atMie  or  solecular  spec  era  1  lim.  ths  frs^ncy  bandvidths  that  tha 
astcoaoMr  mmIs  to  analysa,  10-1000  MHz,  ara  axtccmly  larg^  for 
tradltlofial  te^)nli)iMis  auah  as  analog  filters.  Instead,  radio 
astr«moMrs  have  developed  digital  technlqiMss  Involving  coarse 
quantlcation  (1-3  bits)  and  autocorrelation  of  vldeband  algnal«.  The 
advantages  of  digital  correlation  are  greater  flexibility,  reliability, 
and  stability,  vith  IneKpenslve  coe^nents.  The  seainal  work  on  digital 
technlipMS  for  spectral  analysis  In  radio  astronoay  is  that  done  by 
Ualnreb^'  and  Cooper**, 

Digital  correlation  is  nov  used  extensively  in  reaote  aensing 
applications  (froai  earth  satellites),  oceanography,  and  oil  exploration. 

A  ccmteaporary  digital  spectrwiter  which  provides  the  flexibility 
t^eded  in  radio  astronoay  to  analyze  signals  of  vastly  different 
bandwldths  (fro«  1,25  to  320  HHr)  is  described  by  W,  Urry  fitjl'  * 

Digital  techniques  employing  coarsely  quantized  data  also  perwLt 
ona  to  cross -correlate  data  rapidly  fro«  aany  separate  signals.  For 
exa^ile,  the  VtA  radio  telescope  requires  data  to  be  correlated  at  a 
rate  of  2x10**  atultiplicatlons  per  second.  If  this  was  to  be  perfomed 
with  floating  point  nua4>ers  in  a  large  ccoqmter  then  the  power  of  100 
caAY  supercooputers  would  be  Me<ted.  However,  by  using  3-level 
arithoetlci  a  special  purpose  digital  correlator  was  built  for  this  task 
at  «  coat  of  only  2  nllllon  dollars. 


*'  S.  Veinreb,  "A  Digital  Spectral  Analysis  Technique  and  Its 
Application  to  Radio  Astronomy, •  M.X.T.  Research  Laboratory  of  Electronics. 
Tech.  Report  412,  1963. 

*'  B.F,C.  Cdoper,  'Autocorrelstion  Spectrcmeters,*  pethodf  of 
&cptirinefit..l  Phvsics.  vol.  12».  p.  280,  1976. 

"  W.  L.  Urry.  D.  D.  Thornton,  and  J.  A.  Hudson.  -Hat  Creek  MllliMter- 
wave  Hybrid  Spectroaeter  for  InterferMstry,''  Pubi,  Astron.  Soc.  Pacific, 
vol,  97,  p-  745.  1985. 
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inr^rf!!^  "^lo  «trcmoalc«l  techniqw  of  Very  Long  Baseline 
Int#rfero«ttry  (VL»I)  requires  very  ifl^h«nd  tape  recording 
SlBultaneous  observations  are  Mde  at  radio  telescopes  separated  by  tens 
to  thousands  of  nlles,  simI  the  tap*  recorded  data  are  played  back  and 
cross  correlated  at  a  latter  tla«  at  a  comin  location.  Initially,  radio 
astronoMrs  used  video  cassette  recorders,  readily  available  In  the 
conauser  market  at  cost,   to  record  digital   data.      In  addition, 

instruaentatlon  recorders  have  been  Improved  by  aore  than  an  order  cf 
«s«nitiide  for  high  VLBl  data  rates.  VLBI  t^servatlons  arp  recorded  at 
a  donslty  of  one  ■lUlon  bits  of  Information  on  each  square  Inch  of 
Instruaentatlon  tape,"  The  technique  for  doing  so  has  attracted 
comerclal  Interest. 

C.        Archival  Mass  Stor^g^i 

The  enonsous  data  storage  requlreaents  of  radio  astrononlcal 
l^servatlons  made  conventional  nagnetlc  storage  techniques  uneconomical 
To  Met  these  requlreawsnts,  astrofK^sers  have  developed  low-cost 
Instruwentatlon  recorders  by  using  analog  recorders  to  record  digital 
data.  One  systeia  In  operation  uses  a  Video  Cassette  Recorder  for  this 
purpose. 

The  KRAO  has  Investigated  whether  the  performance  of  these  devices 
could  be  Improved  so  that  they  might  also  be  employed  to  store  archive 
data.  In  the  process  of  Investigating  the  feasibility  of  using  such  a 
recorder  for  VU  archive  data,  the  NRAO  developed  a  prototype  recorder 
suitable  for  high  perforsunce  recording. 

The  new  recorder  rese^lea  a  streaming  magnetic  tape  drive.  It 
has  a  capacity  of  2.5  gigabytes  of  user  data  and  a  data  rate  of  120 
kilobytes  per  second.  It  employs  read  after  write,  error  correction 
circuitry,  and  spatial  imiltlplexlng  to  achieve  a  rate  low  enough  for 
high -performance  recording. 

TTie  ability  to  place  2.5  gigabytes  of  data  on  a  $A  cassette  tape 
in  an  essentlnUy  error  free  environment  nakos  such  a  recorder  very 
attractlyv  for  a  m^x  of  fields.  Disk  backup,  archiving  of  both 
Mlentlfic  and  business  data,  mnd  aedical  electronics  are  but  a  few. 

Ray  Escoffier.  the  Inventor  and  an  AUI  eaplcyee,  has  applied  to 
-latent  the  recording  system  and  to  provide  for  a  life-long  royalty  free 
license  to  the  United  States  Covem»ent.     T»«  first  patent  (Serial  No 


^'  V  ^ii*™"^        ^'  ^'  T^w»P«»".  'The  Very  long  Baseline  Array. 
&lfiX^.  vol.  229.  p.  123,  1985.  ^  »  y. 
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870.305)   I-  currently  p«>dliift.     Dlgl  OW  Mm.f«tur.r  of 

MAMtic  t«p«  equlp^nt  li»c«t«l  In  II.ryl.nd.  h«.  been  licenaed  t« 
•Mwf Mture  the  reconter.  The  co^y  h..  further  dewlopwl  the 
r«contor.  taking  It  {rxm  •  demtratlMi  of  feeilblllty  to  •  .erketed 
product  in  Imtr  19U. 
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III.    HUGE  RESTORATIOW  ALGORITWIS 
A-       Aperture  Svnthe.ta  T^rhnt^.^,., 

Oif.   diM«ter   of   the   dUh   Mitcmaa  M«aur«d   in  wavelengthi.  Urg.r 

■ut.  tli«r«  U  a  U»U  to  the  size  of  an  Individual  tale.cope  that  oiw 
«n  con.tn«t.  To  .chl.v  .till  hlghor  .ngm.r  r«-olut^,  it  S 
poa.lble  to  -yntheaiw  a  «lngl«  tel.acope  fro.  «n  array  of  .patially 
Mparate  «,t«nna.  «hieh  .l-«lt.n«m.ly  obwr^  a  position  in  Umi  .kv 
The  baaic  technique  of  aperture  syntheala  •a.ples  .„  electromagnetic 
wv«  front  at  .any  widely  separated  locations  and  then  uses  the  Fourier 

stl-uUte  the  response  th.r  would  have  been 
^  7""^  •ntenna.     The  radio  astronomer  Sir 

ft|rtln  Ryle  received  the  Hobel  Prize  In  Physic,  for  the  conception  «nd 
deaonstration  of  this  technique. 

The  principles  of  the  aperture  synthe:  is  technique  are  directly 
*'?,"t7  mn-.stromH.lcal  l.»ge  construction  e„de«vors  which 
are  widely  available  coswsrclally,  such  as  tli«  following. 


-  synthetic  aperture  radar 

-  X-ray  ta«ography  of  huMn  tissue." 

»•      Sclf-Cflllbrntlpn  Altorlttas.    AAiptiw  Optica 

Clstortlon  of  an  l«uige  by  the  at«>siAere  is  a  problea  co«»»n  to 
both  railo  and  optical  telescopes.  This  problea  restricts  synthesis 
array  radio  telescopes  such  as  the  VIA.  The  distortion  manifests  itself 
through  colllnatlon  errors  resulting  froa  spatially  and  t««aioraHv 
varying  rafr.ctivlty  of  tha  ataosphet*  Aon  the  array.  Years  igo  the 
radio  astronoswr  Soger  Jaimlson  iterivad  phase  closure  isstheiMtlcal 
relations  dut  could  b«  applied  to  observations  with  telescope  arrays  in 
orter  to  circtovent  these  affects  and  sharpen  the  radio  iMget,«  This 
technique,  suitably  refined  and  known  as  self -calibration  is 
routinely  o^iloyed  in  radio  aatronoay.'' 


now 


"  R.  N.  Bracewell  ami  A.  C.  Riddle,  Ad.  J. .  :50,  427.  1967. 
«.  .  Jennison,  "Fourier  Transforas  of  Spatial  Brightneas 

J    276  "iSS^  """^  '?TTf      vol.  118. 

iH.     "c^'  "Adaptive  Calibration  of  Radio  Interferoiseter  Data  « 

nw.  S9t,  gf  rhgto-Offtical  InatntaentaHon  Kn^^ff,    vol.  231.  p.  18.  198*0. 
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To  an  opticul  e«l«sei>p«,  tlw  •ffect  of'  the  atvosphrre  is  ttaslly 
mmmn  in,  for  oxalic,  the  tvlnklins  of  otarg.  At»^si|iherlc  turbuleiw^e 
g«n«r«tes  an  irregular  distortion  of  tha  tfavefron*-  across  th«  telescopt* 
a|parturc.  tf  it  were  iKisslble  to  distort  tho  shape  of  tha  telescope 
vlrror  In  the  aasK  vay,  than  one  could  cancel  rhe  atmospheric  distortion 
and  sharpen  the  iassge.  This  is  precisely  ^hmt  Is  dene.  With  an 
articulating  nirror  driiren  by  pistons,  the  shape  of  the  airror  Is 
continuously  deforced  in  re«l*tlae  \mtll  the  isage  sharpens .  Such  a 
technic  for  optical  telescopes  is  called  "adaptive  optics,**  but  it  is 
in  all  ways  anslogous  to  the  radio  astronomical  technique  of  self^ 
calibratior..  Adaptive  optics  is  also  used  in  satellite  caawtras  to 
iB^rove  their  photogrs|:^lc  capabilities.'* 

C.       ftoxiat%  Efitropv  AlaoritiM 

Synthe^^ia  arr^  telescopes  do  ro>t  fully  aaaple  the  Incosiing 
•lectroHgnetlc  irave^firont,  and  it  is  necessary  to*  interpolate  frca  the 
vaasured  points  so  as  to  fill  in  the  "aissing"  data.  Such  lowge 
p^acesalng  by  veana  of  the  8M«lau»  entropy  slgoritt^.  a  technique  first 
developed  for  the  analysis  of  seiaalc  data,  has  tmen  gri>Atly  refined  for 
application  to  radio  astrommical  problesm.'^ 

So  successful  has  been  this  le^»ro>^aent  that  the  as2:rono«iical 
software  algorlthwii  developed  by  radio  astronooers  are  nov  used  for 
problems  of  blurred  photogrsphic  ioagas  in  non-astronoalcal  contexts 
<e.g*,  sharpening  laagea  for  police  work).  Several  cosnerclal  firvs  nov 
rarket  the  Mxlnusi  entropy  elgorlthaia  for  diverse  applications.  Haxlnuni 
Entropy  Data  Con^^ultants  Ltd.  is  one  such  fins. 

0.       Astronpisics^  lasge  Procesqlc^  SV^^g^? 

AIPS  is  an  extenaiva  integrated  softvsre  package  for  aanipulation 
of  aulti'dipenaional  Usagea.  Developed  by  the  HRAO,  AIPS  is  distributed 
without  charge  for  use  by  hundreds  of  scientists  vorldvide.  Designed  to 
be  sMchine  Independent,  it  runs  on  all  classes  and  oakes  of  coi^utera, 
frctt  alnicoBputera  to  supercoa^ters;  it  is  routinely  used  in 
nonaatrofwalcal  Isage  analysis  appllcstiona.  Several  hardware  vendors 
advertise  and  proisnte  the  suitability  of  their  equl|went  for  AIPS 
ai^»port.    Aaong  these  are  the  folloving: 


E.  Huller  and  A.  Buffington,  "Resl-tlae  Correction  of 
Atsnspherically  Degraded  Telescope  Images  Through  Isuige  Sharpening,"  J . 
Qpticel  Soc.  of  Aaerics.  vol,  &4,  p,  12D0,  1974. 

S.  Gull  ai^  G.  Danlell,  "Image  Reconstruct  ion  from  Incomplete  and 
Moisy  Data,*  Buuifit  vol.  272,  p.  686,  1978. 


CONVEX  Coi^niter  ConM>ratlon,  Inc. 
International  Imaging  Systems,  Inc, 


ERLC 


419 


13 


IV.     TWE  AUD  FREXlUEftCy  STATOAROS 
A<        MYdrplgn  Haacr  Frcouoncy  ^r^ndanl 

Thfi  techniquv  of  Vary  Umg  B«sellne  Int«rferoMtry  <VLBI),  In  vhlch 
t«p«»rfscor<ted  diit«  t«k«n  by  t«leico|wi  thou»«nd«  of  ailes  apart  «re 
btpusht  together  «nd  cross  corr«Ut«d,  requires  that  each  teWop* 
Mintsin  «xcaption«l  frequency  atsblllty.  Sf^clflc.lly,  ch«  frequency 
*^  station  Rust  hm  stable  to  battsr  than  pnm  part  In  10**  over  a 

psrlod  of  aovorsl  hours.  At  the  present  tlae  only  actlvi?  hydrogen  assere 
can  provide  the  required  etajllity.** 

Hydrogen  aasers,  ^ich  produce  the  KZO-IOtr  hyperflne  trsneltlon 
of  atofilc  hydrogen  as  ch«fr  fundaaental  output,  were  developed  as  an 
experlM«ntal  tims  standard  by  the  NBS,  Frlor  to  the  needs  of  VUl  there 
was  no  cooMrclal  naker  for  this  laboratory  <Jbvice.  Reliable  fleld-ready 
hydrogen  -asars  vere  subsequently  developed  by  the  Siiicheonlan 
Astrophyslcal  Observatory  and  at  NASA/Johns  Hopkins  Applied  Physics 
Laboratory  in  order  to  supply  each  Individual  VLBI  antenna  vith  its  own 
hydrogen  user  frequency  standard.  These  designs  have  been  developed 
Into  a  ciwwrcUl  product  by  Oscllloquartz  S,  A,  in  Swlrzerland  «nd  Sloia 
Tau  Standards  Corporation  in  Alabaiaa.  aaong  others.  The  present  market 
for  hydrogen  owser  frequency  standards  Is  doainated  by  apace 
conwunlcatlons  and  fm  needs,  rinally,  Hughes  Research  Uboratoriea  Is 
developing  a  space  qualified  hydrogen  Mser  for  us«  on  the  NAVSTAR  Global 
Foaitlonlrtg  Satellites. 

B.       TiP€  Standards  and  Tl»e  Tr^nsfiir 

A  standard  of  time  oay  h        ore  than  one  appropriate  definition. 
For  a  laboratory  experlaent  able  tl»e  standard  may  be  an  atoslc 

clock.  For  an  «srrono«lc, .  serv^tlon.  on  the  other  hand,  or  a 
decenslnation  of  the  position  (orbit)  of  an  earth  satellite  "tlae-  refers 
to  the  rotation  of  the  earth  on  its  axis.  This  rotation  is  not  constant. 
Not  all  earth  days  are  of  the  wawe  duration  owing  to  subtle  wobbles  of 
rotation  of  the  earth. 

The  USW  relies  heavily  on  the  radio  astrononlcal  data  for  their 
dally  deteralnation  oi  the  earth's  rotation  periods.    Using  a  worldwide 
netvifork  of  optical  telescopes  augaented  In  an  i^ortant  way  by  radio 
aatronomlcal  observations  with  the  KRAO  Interfermseter  In  Green  Rank 
W,  the  usno  constantly  monitors  the  rotation  of  the  earth  relative  to 


A.  Rogers  mxtd  J.  Horan,  **Coherence  tlvlts  for  Very  Long  Sasellne 

Joflr^**^^^*^'"  ^ggg  Trsni.  on  Ini^tru  ami  I^^M^^f  vol,  IMOO.  p.  283. 
1981  • 
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An  astroMCrlc  grid  of  very  conscant  radio  a0i.rcos  (quasars).  Unlike 
th«  optical  deteralnatlons,  the  radio  aacronooilcal  observations  can  he 
wtiki  daj  and  nig^t,  and  thay  ar«  aff«ct«d  by  clouds  or  the  gather  to  a 
relatively  smII  (k^gree.  The  USHD  radio  technique  and  Its  application 
ia  discussed  by  tflnkler^'  and  Katsafcis  et  al.^* 

In  ontetr  to  trmsfer  a  single  laboratory  referemre  tlM  to  distant 
clocks  with  hl^  accuracy,  one  sMiat  develop  a  synchronisation  oethod. 
The  VUI  technique  is  routinely  used  in  radio  astronony  to  synchronics 
telescope  clocks  to  nanosecond  accuracy  vorldnlde.  This  set  hod  also  has 
applications  for  very  precis  a  navigation  and  in  ot:h«r  non-astronoaical 
contexts . 


*'C.  Winkler,  •*Tine  Keeping  and  Its  Applications,"  Advances  in  E^^cj:^ 
and  Electron  Fhys..  vol.  44,  p,  33.  1977. 

^*D.  Matsaklfi  et  rfl .  "The  Green  Bank  Interferometer  as  a  Tool  for  the 
Heasurenent  of  Earth  Orientation  Faraaeters » "  Agt^yi.  J .  .  vol.  91 «  p.  1463, 
1986. 
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V.     RSIOTE  SENSIKG.  NAVIGATIOJ.  AND  GEODESY 

objects.    I«,t.«l  of  loofcl^  Tt  lhl^      °  ^«-»I««^«ture  of  those 

to  the    hu«an   body   «nd     1^         J^T  technique 

dUtributionof  tej;era^reTcr;ss  the  J;  "'s^  ""^"^-'^y  '»^- 

regloni,  of  vascular  insufflcleiKv  Le  th«2l  i  """gn-nt  tunors  and 

i--.ure«'it  "\r'r;^r«r«T:utut'"  '""k"^""*'  non-mvaslve 
.icrowave  radlo«tryT:s"c:ir:L''1r-a:r"res\"?:Uo?r  "  t^^''^ 
thermography,  it  has  a  greater  sensltlvicv  to  T-l  Vi  »nf"«d 
Flesh    Is    transparent    at    olcrowvr  frL^„^  ""f  '^«">P"-«^«e. 

application  to  the  detection  If  Kr.-i  ^  ""  Clinically.  i„ 
-Icrowave   and    Infrared   the^.raoMc   H  /'^**''  «^«*ln.tion  of 

«Ietection  rate  of  96  ^rcent         m^^  "  '"'^'Po-ltlve 

patients  to  handful  rKt"on.      "'"^'^^  thermography  does  not  expose 

AtBgffPhfrif.  ozon^  H»nivirr<nf 

The    depletion   of    the    protective    lav«r  „f 

stratosphere  Is  a  matter  of  uLost  current  con^!!.  " ,  ^" 

Increased  levels  of  solar  iiv  r^ni!..  potentially 

result  from  .  dl-,„i:H:;^":                            -'^f—  the  earth  will 

have    ^    that    chtrlS   ^3^"%%) ''Ts^TlU  Tr^^er  ^T^'^ 

chToTi^ro^^irnir        -"-^  -  - 

into  the  ats«sphe^''",^Telet^„„r'  ^""^-^-^^  halocarbons. 


O3  ♦  Ci  ^  CIO  +  O2 
CIO  -  0  ^  CI  ^  0^ 


constitute  the  catalytic  cycle  bv  which  nhi^r^i^  . 

dUtoaic  oxygen.  y       oy  wnich  chlorine  atoas  convert  ozone  to 
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Radio  telescopes  c.n  directly  -easur.  and  -onltor  the  stratospheric 
rtHiwUnce  of  CIO.  and  Its  diurnal  and  long- tans  variation.  Radio 
n^!^ra  demonstrated  the  efficacy  of  this 

observations  of  the  J  -  11/2  -  9/2  and  J  -  1V2   -  "/Z  ""'^^""•J 
transitions  of  CIO  «t  204  and  278  GHz.  resj«ctlv«ly .  Such 
observations  provide  «  co.t-effectlve  way  of  -onltorlng  potential  da«age 
to  the  oion.  layer  aslnR  existing  radio  astronoalcal  lP«n«ents  and 
techniques . 

C.        Reaote  Sew«np  Satellitea 

One  of  the  tost  econo-lcally  significant  •Pl'V"'^*"!,''! 
astrono«y  techniques  has  been  to  remote  sensing  sateUites  -"^^J^h  carry 
passive  Imaging  microvave  spectroaeters  operating  at  wavelengths  ranging 

.overall  tenti-ters  to  a  fev  -lUlmeters.  Early  successes  in 
™i„g  at«ospherlc  te-perature  and  hu-idity  "^^f  •  ^P«^" 
di^rlbutions.  and  other  geophysical  paraaeters.  even  in  the  P""*"^* 
of  clouds.  haU  led  to  the  steady  use  of  passive  -»"°**;7'/«''^"^;'5* 
'ou^rs  on  the  operational  SOAA  and  DOD  weather  satellites,  and  the 
Intlclwted  prisatV  use  of  a  20-channel  imaging  s>lcrowave  spectro-eter 
:r^e«tlon^J  NoS  satellite,  beginning  in  1990.  The  following  types 
of  investigations  are  untler  woy: 

Operational  Weather  Honitorlng  -  teaperature  profiles,  water  vapor 

distribution,  and  rain  bands 
At«.«pherlc  Research  -  stratospheric  and  s«sospheric  tesiperaturo 

profiles,  water  vapor  profiles,  trace  constituent  profile* , 

and  winds 

Polar  Ice  Studies  -  ice  pack  evolution  and  navigability 
Und  and  Ocean  -  »ea  surface  te^rature.  sea  surface  wind,  oil 
spill  observations,  soil  WJisture.  and  snow  cover 

Several  references  describe  these  applications "  "  " 


"  t  N  Solo«.n.  R.  de  Zaira.  A.  P-rrlsh,  and  J.  W.  Barrett  "Dlurnsl 
Variation  of  Stratospheric  Orlorine  "onoxlde:  A  Critical  Test  of  Chlorine 
Cbe-lstry  In  the  Osone  Layer."  StlsBfifi.  vol.  224.  p.  1210.  1984. 

»»  D.  Staelln  fiUlU-  "Microwave  Spectroscopic  Imagery  of  the  Earth. - 
SfilBMfi,  "vol.  197,  p.  991,  1977. 

«  D.  Staelln.  "Fasslv.  Hlcrowave  Technique,  for 
the  Earth  fro.  Satellites.-  TFRR  TrflM.  Ant,  &  Prcg..  AJ-  ".  P-  "3,  1981. 

»*  Applications.  Review  Panel  Report.  -High  Resolution  J"""!^ 
mcrowJJ'i-t.nite..-  0.  H.  Steelln  and  P.  «.  Rc.enkran.    eds  Final 
Report.  Contract  HAS5.23677.  R*-""^!,^'^"'^"^^  J^^U?;  ' 

April  1978.    Available  fro*  OTIS  as  NASA  Accession  Ho.  M81-71117. 
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0^        fiflgth  SflttlllCe  Positions  and  Tracjc^ing 

To  detersine  the  precise  positions  of  artificial  earth  satellites, 
one  needa  not  only  a  mcmxm  of  neasuring  the  position  but  also  a  fixed 
reference  fraro  to  which  on«  can  refer  those  positions.  The  asttMetrlc 
grid  of  CQSMic  radio  sources,  established  over  che  whole  sky  by  radio 
astrono»ers,  provides  the  only  tritly  "fixed"  reference  systea,  to  which 
other  isovlng  objects  nay  be  referred. 

The  location  of  those  artificial  s.tellites  which  transmit  a  radio 
slsnal  can  be  established  to  exceptionally  high  precision  by  the  radio 
astronomical  technique  of  Very  Long  Baseline  Interferon© try  (VUBl).  The 
technique  has  been  verified  on  the  Global  Positioning  System  (GPS) 
satellites,  which  are  the  primary  position  reference  beacons  for  the 
next-generation  of  allltary,  co^rclsl,  navigational  and  Reodetlc 
applications.  ^ 

Spacecraft  Navifiatior^ 

Earth-based  radio  interferometry ,  precisely  as  practiced  by  radio 
astronomers,  has  provided  a  straightforward  means  ot  "triangular ion"  for 
spacecraft  navigation. 

To  nonltor  the  position  of  the  Apollo  astronauts  on  the  aoon 
during  their  explorations  aboard  the  Lunar  Rover. 

To  precisely  locate  sounding  balloons  released  into  the 
Venusian  ataosphere  by  the  Soviet  Vega  spacecraft  nisslon. 

To  establish  the  relative  position  of  the  Vega  pathfinder 
flyby  of  Coitet  Halley  with  respect  to  the  radio  astrononical 
reference  system  of  cosaic  radio  sources.  (Necessary  for 
course  corrections  during  the  Giotto  spacecraft's  close 
nuclear  approach.) 

^-        Geodetic  Studies  and  Crustal  Dynanics 

Radio  astronofflical  VLBI  observations  have  become  a  valuable  tool 
for  geophyslcists  in  their  study  of  the  notion  of  the  poles  of  the  earth 
changes  in  the  rotation  of  the  earth,  and  the  nature  of  lunar -Induced 
tides  In  the  solid  earth. 


P.  Gloersen  g.t.  a,L.,  "A  Sumary  of  Results  froa  tite  First  NIMBUS  7 
Smm  (n>servatlons,"  J.  Ceoohvs.  Res      vol.  89.  p.  5335,  1984. 

^  Warowl  of  RcBote  Semaipp    vol.  1,  R.  N.  Coldwell,  ed.  (2nd  ed  ) 
Aaerlcan  Society  o€  Programetry.  1984. 
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Cwfihyaical  studies  of  the  earth' •  cruntel  dynwlcs  depend  on  high 
precielon  Memirewenti  spread  over  »ever«I  ye*r».  The  posit lonel 
accuracy  obtained  with  radio  aatronowlcal  VLBI  observations  is  used  to 
wmito;  tha  «epar«ti<m  betvaen  geod«tlc  radio  telescopes  to  a  few 
eantlMtera*  Ragional  terrestrial  defor«ati<m8  aiHl  global  plate  aotiona 
are  thus  aeastsrable  i^re  the  two  telaacopes  span  known  fault  lines  and 
Cactmlc  plates.  The  technique  allows  geophysicists  to  study  pre*  and 
post^earthquake  seiawsic  activity  with  the  ais  of  earthquake  prediction 
and  a  basic  understanding  of  worldwide  tectonic  wot  Ions. 


A.E.E.  Rogers  et  al,.  "Very  Long  Baseline  Interferoaetry :    The  Mark 
III  System  for  Geodesy,  Astros^try,  and  Aperture  Synthesis,*  ScttlK^*  vol. 
219.  p.  31.  1983. 
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A  BRIEF  PROFILE  OF  THE 
NATICWAL  RADIO  ASTOWfOHY  OBSERVATORY 


Since  lt»  founding  in  1957,  the  HatipnAl  R«dlP  Aatronowy  Observatory 
(HMO)  h««  been  a  aajor  force  in  the  develofsnent  of  radio  estronoay.  This 
field,  pioneered  in  the  United  States,  h*s  bloescmed  to  beco^  a  central 
aleMQt  of  flodem  aatroiwwy  throu^wmt  the  world. 

At  the  preaent  ti^e,  the  IHIAO  sanages  the  operation  of  three  aajor 
observing  altes  froa  Ita  headquarters  in  Charlottesville,  Virginia,  The 
largest  of  these  Is  the  Very  Urge  Array  (VLA),  a  aobile  array  of  twenty-seven 
2$-Bieter  antennas.  It  i«  located  on  the  Plains  of  San  Agustln.  near  Socorro, 
Heir  Mexico.  NRAO  is  constrxicting  a  nen  telescope,  the  Very  Long  BAseline 
Array  CVUA).  Th«  VLEA.  like  the  VLA,  is  a  synthesis  telescope  siwilating  m 
extrcMly  large  aJngle  antenna  by  a  distribution  of  swaller  antennas  operating 
In  concert.  In  «h«  case  of  the  VLRA,  the  ten  individual  antetmas  will  be 
spaced  fro«  Hawaii  to  the  Virgin  Islands  and  controlled  frcwi  an  operations 
center  in  Socorro,  New  Hexico. 

The  aingle -antenna  radio  telescopes  of  HRAO  include  the  140*  foot  disiMter 
fully  steerable  telescope  located  at  the  original  Green  Bank,  West  Virginia 
site,  and  the  12-P«ter  »llli«eter-wave  telescope  l<w:ated  on  Ritt  Peak  near 
Tucson,  Ar icons.  (Operation  of  the  three -elwsent  InterferoB»ter,  also  located 
in  Creen  Bank*  ^eat  Virginia,  was  discontliwed  for  aatronoaical  observing  in 
I97i  when  the  VIA  becaae  operational;  it  is  now  opersted  by  the  HRAO 
exclusively  for  the  U.S.  Havsl  Observatory  for  purposes  of  tioe*^ keeping. 
Operation  of  th'S  300- foot  diaaseter  weridian  transit  telescope  ceased  with  its 
catastrophic  collapse  on  Novesdier  15,  1988.) 

The  HRAO  is  operated  by  Associated  Universities,  Inc.  (AUI).  an 
independent,  not-for-profit  reaearrh  »anagMent  corporation,  under  ^^^^^s 
of  a  Cooperative  Agreeawnt  between  the  National  Science  Foundation  (HSF)  ai^ 
A»I.  The  following  responaibilitiss  for  AUI  are  included  in  the  Scope  of  Work 
of  tills  Cooperative  AgreeaenC: 

Staff,  nonage,  operate,  and  oaintain  tto  facilities  ; 

Provide  scientific,  nanagerisl,  and  logistic  mu^tt  in  the  coiuiuct  of 
research  progros  in  radio  astroocsBy  and  rslated  fields.  The  research 
rfiall  be  carried  out  by  visiting  eciontiflc  investigators  and  the  stoff 
of  th»  Observatory.  Tl»  acientiflc  werit  of  research  proposed  by 
visiting  scientific  Investigators  snrt  by  tJ»  C»)servatory  staff  ahsll  be 
given  the  ease  consideration.  Tim  oajor  criterU  for  the  utilisation  of 
Observatory  facilities  shall  be  the  scientific  »erit  of  the  proposal,  the 
competence  of  the  Individual  or  individuals,  and  the  suitability  of  the 
Observatory  facilities. 

Maintain  a  broad  base  research  program  at  thtf  C»>servatory  in  order  to 
proaots  advances  in  and  the  utllieation  of  knowledge  in  astronoay. 
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Provide  facility  and  logUtic  atipport  to  uniwrsity  and  HHAO  research 
prograAs  In  radio  aatroiKMiy  end  related  fielda, 

^^i^  In  education  progroaa  in  radio  astronoay  and  related  fields  as  aay 
h9  appropriate  to  the  operation  of  the  (»iaerv«tory  and  as  Is  consistent 
with  the  ProgrM  Flan, 

Theae  requireaenta  have  characterised  the  role  of  the  NRAO  since  it  vaa 
fminded. 

The  concept  of  a  national  observatory  v«s  unique  when  it  was  i^roposed  in 
19S4--IIRA0  vaa  the  firat  national  aatrono«ical  observatory.  There  were  swe 
who  doubted  that  an  open,  visitororiented,  national  facility  could 
efficiently  serve  its  user  cooounity  and  at  the  same  tise  provide  a  research 
environwnt  that  would  be  conducive  to  competitive  research.  The  fact  chat 
mo  haa  eatabllshed  and  Mintained  the  world  standard  in  radio 
inatnaentacion  and  user  service,  together  with  the  rejaarkable  flood  of 
scientific  results  froa  ita  users,  is  aa^le  Justification  for  the  wisdM  of 
providing  such  facilities. 


USERS 

The  principal  reaponsibility  of  the  Observatory  Is  to  provide  the 
aatronony  coiwminity  access  to  forefront  research  capabilities  throu^  the 
development  of  major  national  facilities. 

Figure  I  shows  the  annual  growth  In  the  user  group  over  the  history  of 
the  Observatory,  from  the  modest  beginnings,  before  the  first  oajor  telescopes 
were  built,  to  over  650  long  and  short-tens  visitors  today.  The  largest 
increase  in  the  nuaber  of  visitor-users  occurred  as  the  VIA  entered  full 
operation  in  1981.  The  Observatory  staff,  both  penwnent  scientists  and 
poatdoctorala  (Research  Associates),  can  be  seen  to  represent  about  7  percent 
of  all  HRAO  users. 

The  nunber  of  institutions  using  HRAO  telescopes  has  also  grown 
draaacically  over  the  years,  with  a  50  percent  increase  attributable  to  the 
VLA,  IJnlverslties  represent  64  percent  of  the  institutions,  other 
observatories  ami  governoent  laboratories  33  percent,  and  private  industries 
the  regaining  3  percent. 

The  ovarwheltting  majority  of  these  Institutions  lack  the  resources  to 
design,  build,  aaintain,  and  operate  telescopes  comparable  to  those  at  NRAO. 
Clever thelesB,  aany  of  tJ^ae  Institutionii  actually  participate  with  NRAO  in 
the  design  and  fabrication  of  sub-eleaenta  of  advanced  aysteaa.  This  Includes 
not  only  individual  university  groups  who  bring  their  own  observing  equipment 
to  8BA0  telescopes  but  also  working  team  operating  out  of  universities  and 
gGvemaent  laboratories  idio  asaiat  in  the  design  and,  in  aome  cases,  actual 
ccmatn«:tion  of  new  inatruisentatlon.  Maintenance  of  such  capabilities  in 
theaa  inatltutlona  is  important  to  the  future  of  NRAO  as  a  national 
observatory . 
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Nuniier  of  Reopte  Otoserwo  Wifti  NRAO  Teu-  'Ptys 


%9lt*etm%  OTd  Urn  of  intlfluilm  fr<»  tthlcli       «0  <Hft<ter«  cow.  Tt» 

•IsnUfcant        l»  iIwmi  Imt  taimotim  for  Wit  roftoct  iM  ifKr«w«<  um  of  tiM 


It  l«  also  li^rcmnt  to  note  thmt  In  keeping  with  •  Rrowlng 
laf:»r(top0iMlenc«  of  «11  «r«Ae  of  jutronowy,  the  HJWD  near  cowmity  U  rapidly 
gfowlns  to  ftccc«BK»<Uce  nev  obeervcrs  fr<»  optical,  Infrared.  X-ray,  and 
ralatad  ariM^. 

Tha  mUO  Student  Frograa  li  llluatratad  in  Figure  2.  the  vaat  majority 
of  the  student  uaera  ara  graihiate  etudanta  fros  unlvtraltlea  having  Ph.D. 
progrwi  Ifi  aatrowxay,  A  large  Increaaa  In  graduate  atudent  uaera  occurred 
«han  the  VLA  began  operatlona,  Aa  with  the  other  categoriaa  of  ua«ra.  thla 
incraaae  la  due  not  only  to  the  research  opportunities  U«s  VLA  present!  iNit 
alao  to  the  operational  convaniaitte  of  thli  InstniMmt  ^Ich  has  been 
facilitated  by  the  efforts  of  the  Observatory  ataff . 
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NRAO  Student  Prot^ 


Th«  SusAcr  Student  and  Co-op  hrogrow  are  a  such  souiller  cosi^^nent  of 
student  usage  of  NRAO  facilltie*,  but  ttmmti  are  i^Ktrtant  In  the  national 
prograas.  Soth  »rve  to  Introduce  iM^ntor  undergraduate  end  beginning  graduate 
•tudenta  to  radio  a»trona«y.  the  5««Mir  Student  Progran  focuaea  on 
aatronoaicel  research;  the  Co-op  FrograM  la  conducted  %iith  tmlvfrrsity  groups 
of  engineers,  applied  physlclats,  «nd  computer  scientists.  Both  are  ii^ortant 
aechanism  for  acquainting  skilled  aclentlats  vlth  Issues  of  Ijsportance  to  the 
field  of  radio  astronc^y. 

The  extent  to  idiich  HSAO  la  dedicated  to  its  uaer  cowwuilty  can  be  seen 
by  examining  Figures  3  and  4.  Approxlmstely  3^.(KK)  observing  hours  exist  In 
principle  In  one  year  for  all  four  of  HRAO'a  telescopes  taken  together 
(4k24ix36S>.  The  sctual  hmira  sche<k4led  for  i^servlng  with  these  telescopes 
are  shown  in  Figure  3,  ifhere  the  recent  totals  are  approxiswtely  31,(K>0,  or 
SB  percent.  The  reisaining  12  percent  is  scheduled  for  tests,  calihrstion, 
preventative  aaintenAnce,  installation  of  new  equlpaent,  end  repairs. 
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Observing  Hours 


mr    7B    ^9    80    ei    8?    85    84    85    86    87    B8  90    r  ^/ 


fit-  '         ^^^^  ^i9ur«  fthowi  tVw  Kours  tcMbtw)  for  Qbs«nr<f)9  on  MCfi  c«Imc0|w  during  tK»  Unt 


Distritxjiton  ot  Scheciuied  Observing  Time 


Fif.  i        Th«Kf  grafjlti  thoN  the  nuter  of  hour*  tchfduled  for  csUbr^tion  and  for  ol»«rvtno  by 
the  I^AO  ftiaff  «nd  by  viftitorv  on  Mch  t«tvKap«  «r»tOT  dkM-inf  tNr  Imi  dKadv. 
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The  only  f^rlods  when  less  thiin  shout  85^  percent  of  the  available  tl»e 
v«fl  achedulea  for  observing  ^mm  In  ^979-80  after  the  three-element 
Int«rferoiiet«r  has  closed  and  before  the^yiA  began  full  operation,  and  in 
1982*83  when  the  36-foot  nilllveter-^ve  ^alescopc  was  re-surfaced  and  re* 
chriatened  as  the  I2*aeter  telescope.  Tfi^  j^lescopes,  which  operate  24  hours 
a  day,  are  efficiently  scheduled  to  produce  fs  puch  c^serving  as  possible. 

How  is  t\ie  c»bserving  tine  allocated  to  staff  and  visitor  users? 
Diff»?renc  projects  require  differing  arounts  of  tiawi,  but  all  grants  of 
observing  time  are  made  on  the  basis  of  scientific  merit.  All  propojc  Is,  froa 
staff  and  visitors  alike,  are  refereed  and  graded  for  merit  by  anonymous 
refereea  selected  frosi  the  coMunity,  The  detailed  scheduling  is  done  by  the 
site  directors,  with  the  assistance  of  a  special  coanittee  in  the  case  of  the 
VIA.  The  rule  that  Observatory  staff  co«petc  for  tlae  on  the  sa«e  footing  as 
visitors  is  fundaiMrntal  and  has  contributed  a  great  deal  to  the  excellent 
relationshi    between  the  Observatory  and  its  user  coawunlty. 

Figure  4  shows  the  actual  observing  tine  distribution  aoong  NRAO 
scientific  staff,  visitors,  and  calibration  and  test  time.  Over  time,  the 
HMO  staff  has  qualified  to  utilize  about  IS  percent  of  tt.e  observing  tine, 
with  so&e  variation  from  telescope  to  telescope.  This  level  of  use  is  Judged 
to  be  adequate  to  enable  the  Observatory  staff  to  maintain  a  competitive 
research  program  oi  its  own,  %Hiich  is  necessary  if  the  Observatory  is  to 
continue  to  provide  effective  leaderrship  within  the  U.S.  radio  astronoay 
coflSKnity . 

STAFF  AND  OPERATIONS 

The  growth  of  NKAO's  permanent  full-time  staff  over  the  history  of  the 
C»>servatory  is  shown  in  Figure  b.    The  steady,  ssu^oth  growth  up  to  1970 


Fuil-T*me  f^ermenenft  Emptoyees 


'U-  5        This  «i9ur«  chm  tbe  total  i%mUr  of  MAO  futl  ilat.  mmim^  •M»r«e«  •!  th* 
of  t*ch  yeftT,  projected  fnte  the  futi^v. 
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accon^Munlcil  thtf  conatructfon  of  the  300-foot,  UO-foot,  aillllnec«r-Mve,  and 
thrM*«l«»«nt  InterferoMiV«r.  thu  sice  of  the  op«rAtlont  acaff  m«  constant 
tiirou|hout  0oat  of  ttw  VIA  comttuctlon  porio4  and  Increased  in  response  to 
Mjor  nstw  u«er  requlreaente  as  ofwratlon  of  that  inatrwent  began  in  1979* 
the  recsint  daclLno  in  staff  reflects  the  imhroVen  5-yeer  feline  in  budget 
levels.  Feraonncl  levels  throughout  the  VLBA^  construction  iMsrlod  are  ext»ected 
to  foUov  the  VIA  pattern.  Additional  operations  staff  vill  certainly  be 
re^iulred  if  this  vsjor  new  facility  Is  to  be  operated  efficiently  at  Its 
coipletion.  Ne»y,  but  not  all,  of  these  nev  operaclona  staff  are  expected  to 
be  drawn  froM  the  construction  staff. 

It  should  be  noted  that  following  full  operation  of  the  VIA  the  nuaiber 
of  JfflRAO  users  ^Hidiled  (IOCS)  and  Is  still  increasing  as  is  the  minAMsr  of 
student  users,  but  the  staff  to  »er>^  these  users  Is  now  only  equal  to  that 
of  1979,  the  year  that  aarked  the  half-way  point  in  aaBeoOkling  the  VIA  staff < 

Tha  cooposition  of  the  scientific  staff  at  HRAO  is  given  in  Table  I, 
where  the  scientific  staff  is  defined  aa  all  professional  eaployees  holding 
a  Wi.O  degree.  The  total  Ph,D,  staff  Is  69  evployees,  20  percent  of  all  full- 
tiiM  pensanetit  estployees.  Of  these  69,  24  fora  the  basic  research  ataff,  or 
7  f-^rcent  of  all  full-tlae  peraanent  eaployees,  Twnty-four  of  the  69  iiesA»ers 
of  the  Ph.D.  staff  hold  tenured  positions,  or  7  percent  of  the  staff.  These 
maitmts  are  conslat«»nt  with  the  original  Intention  that  the  (Aiservatory  have 
a  smII •  dedicated  research  and  developttent  staff. 
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Ph.D.  St«ff  ClMslficstlon/DlRtrlbution 


Basic  R#gttarch  Staff  L  LOl 

PMtdoc  tor  aIs  ^  5 

Aavoclatir  Sciratlvts  1 

Scientists  15 
Sanlor  Sclentlftts 

Total  (17  tenured)   25 

Other  Ph  D.  Staff 

Ope  ra  1 1  owi/lfan«ge«ent  16 
Electronic*  8 
Coiqnitlng  11 
VLW  ronatniction  _2 

Total  <7  teimmd)  

Total  lli.D.  Staff  <24  tenured)   69 

WRAP  Staff 

Operations  287 

Construction:    VLBA  55 

Voyager   J 

Total  Staff   351 


fraction  of  staff  with  Ph.O,  degree  -  69/351  -  20% 
Fr.  i:tlon  of  Ph.D.  staff  with  tenure  -  24/69  -  35t 
Fraction  of  total  staff  with  tenure  -  24/351  -  7% 
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imc  RAISCE  rUMS 


IStAO  tuis  b«en  «ng«g«d  for  sove  tine  In  pl«nnir)g  far  two  n«w  sajor 
fftclUtles:  the  Hllllaet«r  itoray  and  •  large -aperture.  fuUy-8t««rabl«  radlw 
t«l«SCOP«  that  irould  repi«c«  both  the  300; foot  and  l4Q-fooi  teUsrop^s.  Until 
r»<!«ntly  th«  NUllaeter  Array  recftlvtHi  Mor^e  tUn  and  attention;  th  *  loss  of 
the  300- foot  tt;2rBcope  has  aiffitched  tlw  priority. 

Fallowing  the  collapM  of  th«  300-foot  telescope  on  November  l^.  198S, 
the  Obaervatory  »taff  and  uaer  commlty  worked  to  define  the  scientific 
r*<|ulre»ents  and  technical  specifications  of  a  replacvsent  telescope,  it  Is 
clear  that  there  is  a  ccM^lling  scientific  case  for  a  fully  steerable,  hlfth 
perforaancc,  lerge  aperture  radio  telescope  and  that  new  technology  eakes  it 
possible  to  build  such  m  telescope,  superior  to  any  existing  fully  strerable 
anteims,  at  reasonable  cost,  the  estlMted  bud|^et  for  the  entire  project  is 
7i       (i9«9).    The  telescope  could  begin  operetlons  in  late  1994/early  1995. 

Hie  scientific  progran  for  the  telescope  and  the  iaplled  technicdl 
requirenents  were  discussed  in  s  workshop  held  tn  Oreen  Rank,  Deces^r  2-3, 
1988,  and  subsequently  refined  by  the  Obs^^nrstory  staff.  The  telesrope  will 
sake  najor  contributions  to  the  study  of  the  structure  of  the  universe,  the 
gaseous  content  of  gslaxies,  solar/stellar  phenosiens,  molecular  clouds  and 
•tar  formation,  evolution  of  gslsxies,  the  solar  systea,  the  nature  of  radio 
galaxies  and  qussars.  fundsoentsl  catalogs,  «s  well  ss  applications  to  space 
VIAJ.  Inspired  by  the  diversity  of  scientific  needs,  a  telescope  design  has 
been  specified  which  offers  aajot  advances  over  existing  Instruments  to  every 
relevsnt  area  of  research. 

The  Hillls«>ter  Array  (HHA)  is  a  synthesis  telescope  like  the  VIA. 
designed  to  provide  detailed  iaages  of  those  regions  of  spsce  in  which  stars 
for«.  Pioneered  in  the  United  States,  astronwsy  at  ■iUlaeter  wavelengths  hss 
been  extraordinarily  fruitful  in  refining  cmr  understanding  of  the  physical 
and  chesiical  processes  which  lead  to  the  forest  ion  of  stars  such  as  the  sun, 
planets  and.  indeed,  life  itself.  The  scientific  need  now  is  for  high 
resolution  Images  that  will  permit  a  more  precise  view  of  th«se  phenomena. 
The         is  as t romp's  response  to  this  need* 

The  Hllllneter  Array  will  consist  of  approximately  40  antennas,  each 
;.5  meters  in  diiaaeter;  th^  antennas  will  be  distributed  over  an  area  nearly 
3  km  in  extent,  since  rosqic  radiation  at  millimetar  wavelengths  Is  absorbed 
in  the  earth's  atsiosph«.*^,  end  this  effect  la  detrimental  to  bI  111  Meter 
ascronoaiy,  the  HHA  will  be  located  at  a  high  altitude  site  probably  in  the 
souchwescem  portion  of  the  U.S.  The  slBultaneous  med  for  precision  HHA 
anrennaa  that  will  permit  sensitive  observat  lom^  at  short  millimeter 
wavelengths  attd  the  need  for  the  antermaLi  to  survive  and  operate  In  the  harsh 
environment  characteristic  of  high  altitude  sites  present  a  unique 
technological  challenge  for  the  NRAO.  The  Hllllmeter  Array  is  estimated  to 
cost  75-90  «$. 
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aarvln^       dvpattomnt  chairman  fnm  197fi>^2.     In  19Q^  ha  waa  Appolnte4 
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Mr.  Walgrbn.  Thank  you,  Dr.  Vanden  Bout. 
We  will  turn  to  Dr.  Wolff. 

STATfiBlENT  OF  DR.  HIDNEY  C  WOLFF,  DIRECTOR,  NATIONAL 
OPTICAL  ASTRONOBIY  OBSERVATORIES 

Dr.  Wolff.  Mr.  Chairman,  thank  you  very  much  for  the  opportu- 
nity to  appear  here  today. 

£n  my  presentation,  I  would  like  to  focus  on  the  issues  related  to 
optical  astronomy,  and  in  my  written  testimony  I  presented  a 
graph  tiiat  summarizes  the  history  of  funding  for  astronomy  within 
the  NSP. 

As  everyone  baa  pointed  out,  the  funding  for  NSF  as  a  whole  has 
increased  since  1984  to  1990  in  inflation-corrected  dollars  by  about 
35  percent  Funding  for  the  National  Optical  Astronomy  Observa- 
tories has  declined  by  about  10  percent  over  that  period  of  time. 
And  again,  as  people  have  pointed  out,  if  you  allow  for  construction 
projects,  the  funding  for  operation  of  the  facilities  has  actually  de- 
clined by  about  20  percent 

In  terms  of  purchasing  power,  the  budget  for  the  National  Opti- 
cal Astronomy  Observatories  now  is  what  it  was  in  the  early  19608 
when  we  operated  only  a  few  telescopes  on  a  single  site,  Kitt  Peak, 
ratl^r  than  the  three  observatories  that  we  operate  now,  including 
dbservatories  in  New  Mexico  and  Chile. 

This  decrease  in  funding  for  optical  astronomy  within  the  NSF  is 
sharply  at  variance  with  the  increase  in  funding  that  is  being  pro- 
vifted  by  agencies  boUi  here  and  abroad.  During  the  next  10  years, 
NAS.'.,  for  example,  plans  to  launch  four  s^mce  (dtK«rvatories 
which,  m  combination  with  ground-based  facilities,  will  make  it 
possible  for  the  first  time  to  dbserve  at  all  wavelengths  of  the  elec- 
tromagnetic spectrum  from  gamma  rays  to  radiowaves. 

The  European  Space  Agency  and  Japan  are  also  planning  m^pr 
initiatives  in  spnce.  Both  of  taese  groups  explicitly  reccnnize  the  re- 
quiranent  for  a  major  enhancement  in  ground^xae^d  observing  ca- 
pabilities for  optical  astronomy  in  order  to  support  their  apace  mis- 
sions. 

Hie  Bhiropean  Conmiunity,  through  the  Eun^j^m  Southern  CH>- 
servatory,  has  already  firmly  committed  ^0  million  toward  the 
construction  of  four  8-meter  groimd-hased  telescopes.  The  collecting 
area  of  these  telescopes— that  is,  the  area  of  glass  mirror  in  these 
telesaqjes— will  exceed  the  total  collecting  area  of  all  the  tele- 
samea  now  in  operation  through  the  world. 

Japan  is  planning  to  seek  funding  for  a  7.5-meter  telescope, 
which  the^  will  build  in  Hawaii. 

The  only  i^mded  large  telescope  in  the  United  States  at  the 
present  time  is  the  lO-meter  Keck  tel^cope,  which  is  al«>  beii^ 
built  in  Hawaii  This  is  a  privately  funded  telescope  and  will  have 
a  10-meter  diameter  and  will  be  open  for  use  only  by  astronomers 
at  Caltech,  the  University  of  Califbmia,  and  the  UniveiBity  of 
HawaiL 

In  order  to  provide  new  optical  Seudlities  for  the  remainder  of  the 
VS.  astronnnical  community,  the  National  (%servatories  do  plan 
to  propose  the  construction  of  two  8-meter  teleK»pes,  and  again  in 
the  written  testimony,  there  is  a  sketch  of  what  those  telescopes 
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would  look  like.  We  plan  to  plai^  one  of  thrae  telesK»)pes  in  Chile 
ami  Uia  other  on  Mauna  Kea.  In  enter  to  help  provide  funding  for 
these  telescopra,  ^  are  currently  aeeking  international  partners* 

Now,  why  should  the  funding  for  astronomy  increase?  There  are 
three  reasons:  The  scientific  ^yoS  will  be  very  great;  the  applica- 
tion of  new  tedmologi€S  will  revolutioniise  the  typm  of  (Observations 
that  can  be  madte;  and  tte  investment  must  be  made  in  a  timely 
fashion  to  achieve  the  maximum  benefit 

With  respect  to  scientific  pajroif ,  you  have  only  to  r^  the  news- 
I^qpers  to  realize  mmething  about  the  remarkable  discoveries  that 
are  being  made  almost  dauy  in  astronomy*  I  am  sure  m<^  of  vou 
are  famUiar  with  the  work  on  the  supernova  that  exploded  in  1987, 
and  analysis  of  the  data  on  that  supernova  has  confirmed  a  grf»stt 
many  of  our  Uieoretical  ideas  about  what  happens  when  stars  die. 

With  new  infrared  techniques,  we  can  peer  into  dark  clouds 
where  star  formation  is  going  on  and  see  the  process  of  star  forma- 
tion. We  can  also,  we  believe  now,  begin  to  study  the  process  of  the 
formation  of  planetary  systems  around  other  stars  as  welL 

The  universe  even  offers  us  a  time  machine  w  we  can  observe  it 
the  way  it  used  to  be.  This  phot<^raph  shows  the  most  distant 
galaxy  thi  t  we  know  of  right  now.  This  galaxy  is  so  far  away  that 
it  takes  light  10  billion  years  to  travel  from  tms  galaxy  to  us.  That 
means  we  are  seeing  it  as  it  was  10  billion  years  ajgo.  And  you  have 
to  remember  that  we  think  ihe  universe  itself  is  only  13  billion 
years  old,  so  we  are  seeing  things  as  they  were  when  the  universe 
was  only  about  20  percent  as  old  as  it  is  now. 

One  of  the  primary  gc^eds  of  the  next  generation  of  large  tele- 
scopes is  to  study  very  yoimg  galaxies  like  the  one  I  showed  you  so 
that  we  can  tell  what  they  are  made  of,  what  kinds  of  stars  they 
have  in  them,  how  old  those  stars  are,  and  therefore,  something 
about  how  old  the  universe  itself  truly  is. 

Technology  is  also  playmg  an  increasingly  important  role  in  as* 
tronomy.  Technology  breaktiiroughs  are  what  make  it  possible  to 
build  tel€»9Copes  larger  t^ian  any  now  in  operation.  For  example, 
work  at  the  university  of  Ari2X)na  has  succeeded  in  casting  la^e, 
light-weighted  but  relativelv  stiff  mirrors,  and  these  mirrors  will  be 
tl^  key  to  constructing  the  next  generation  of  tel^x>pra.  This 
work,  as  I  said,  is  partiy  supports  by  the  NSF. 

In  other  areas  as  well,  including  especially  infrared  and  optical 
detectors,  fiberoptic^  computers,  image  enhancement  techniques, 
t^rhnoloffy  is  revolutionizing  astronomy,  and  astronomy  in  turn  is 
driyij^  ^  development  of  new  technologies. 

Timeliness  is  another  compelling  argument  for  incre^ii^  the  in- 
vestment is  ground-based  astronomy.  Some  ol»ervations  simply 
cannot  wait  We  are  blading  toward  what  may  prove  to  be  the 
most  intense  maximum  in  solar  activity  on  recorai.  Large  flares  are 
becoming  increasingly  common.  Flarra  and  other  forms  of  solar  ac- 
tivity can  disrupt  communi^tions  on  Earth,  catise  auroral  dis- 
plays, as  they  did  this  week,  and  speed  th^  rmntiy  of  sim:%^craft 
mto  the  Earth^s  atmosphere,  and  even  pose  a  danger  to  astronauts 
in  Earth  orbit  The  poesibility  ex^ta  that  we  i:an  leam  to  predict 
flares,  but  orily  if  we  have  the  r^uic^  to  study  the  sun  in  detail 
during  the  period  of  maximum  activity,  which  is  expected  to  occur 
in  l^L 
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One  of  the  primary  miffiions  of  NSF  when  it  was  founded  in  the 
late  19508  was  the  construction  of  National  (Aservatories,  specili- 
cally  the  National  R»Uo  Astronomy  (%servatory  in  Kitt  Peak.  I 
have  been  told,  although  I  have  not  verified  it,  that  in  the  late 
1950s  one^iuarter  of  the  NSF  budget  was  devoted  to  astronomy. 

The  U.S.  National  Observatories  that  were  built  then  have  been 
enormously  successful  in  that  they  have  made  poasible  the  develop- 
ment of  strong  astronomy  programs  at  universities  throughout  the 
country.  Astronomers  from  SB  ^tes  and  the  District  of  Columbia 
used  the  optical  facilities  last  year.  The  VS,  approach  of  providing 
Natl<mal  Observatories  has  been  followed  as  a  model  throughout 
the  worid. 

The  NSF  funding  priorities  now  place  the  U.S.  National  Observa- 
tories at  risk.  The  collapse  of  the  300-fbot  telescope  stands  as  a 
symbol  of  what  has  happened  to  NSF-funded  programs  in  astrono- 
my. VS.  astronomers  must  rely  on  aging  facilities  that,  while  still 
I»oductive,  simply  cannot  match  the  ca^ilities  of  the  modem  fa- 
cilities now  tmder  construction  in  other  countries. 

Attention  has  been  focused  on  the  issue  of  whether  or  not  the 
Green  Bank  telescope  should  be  replai»d.  The  scientific  case  for 
doing  so  is  strong,  iMit  tiie  scientific  case  is  at  least  equally  strong 
for  a  number  of  other  projects,  including  the  national  8-meter  tele- 
scopes which  have  previoufdy  been  endorsed  by  various  planning 
efforts  by  the  astronomy  community. 

What  is  required  is  not  merely  repla^ment  of  the  Green  Bank 
facility  but  a  revitaliaation  of  the  whole  field  of  ground-based  as- 
tronomy. This  revitalization  oiuld  be  achieved  if  astronomy  were  to 
share  from  now  on  in  the  grovrth  of  funding— that  is,  a  doubling  of 
the  budget  over  a  5-year  period—which  has  been  planned  for  the 
NSF. 

Thank  you. 

[Tlje  prepared  statement  of  Dr.  Wolff  follows:] 
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Mr,  Oiainnar  Hooorri^  Mnnbos  of  0»^(rcss: 

I  wish  to  thank  jmi  for  this  qqpommity  to  j^tsm,  my  views  oo  the  pnqiosed  NSF 
resesch  prognm  in  astnmcmy     fiscal  ^  199a  The  adeqpiacy  of  tte  ^mioit 
iecp«!^  ftir  asr.xmomy     the  NSF  jiust  be  evalua^  in        of  the  ovmll  research 
9>als  ami  o|nxintuiit^  idmiikd  by  asSro&Diny  ptogems  both  in      Ufiiicd  StM» 

•hPMd,  ^  in  tenm  of  plm  for  fapKtv  connnctioo  in  space  ami  on  the  groumL 
Inroy  {msemmfam  I  will  foots  cm  issi»s  idufiied  lo  o|nk:al  astronomy,  but  fostiwill 
^gribe  how  gnmncBMsed  asuonomy  fits  into  the  fiinm  direction  of  astn^y^cal 

Renwkalrie  ikw  ted^ues  m  soon  lo  becxmie  availdile  that  will  levolutionize  our 

^  universe  in  whidi  we  live.  In  ofdcr  go  cxfkrti  the  fiai  sacnti& 
^ateUties  of  these  new  tedmt^^.  wfakh  ixliuSe  the  ^ty  lo  diserve  ultra-high 
energy  radi^km  fiotn  sptcc,  it  is  necmary  to  buikl  powerful  new  c»^»l  giouodiased 
telenqics,  and  I  wiU  desoibe  the  jriffis  b«^  bete  md  lAnoad  for  tWng  so. 

Gnmndbased  astnmomy  in  the  ctttuHial  <4>savi^es,  whtdi  ate  the  only  (H)servaKm«( 
that  aie       lo  the  «uiie  U,S.  omnmnity  tw  a  GtHC|ietitii^  basts,  lecdvot  its  sunKm 
almost  entirely  fton  the  NSF.  The  history  of  that  funding  wiU  be  leviewed;  far 
sharing  in  recott  tiK:reases  in  fiinding     NSF,  the  cqxcratioctt  budget  of  the  national 
craters  have  declined  in  real  »nis.  Spec  Ic  jmposals  will  be  offered  for  levitalizing 
groundbased  astroncany* 


The  New  Astn»omies 

We  stand  on  the  tfaieshcHid  of  a  new  era  in  astronomical  lesewch.  Ovw  the  nc« 
decade  it  will  for  the  fin»  time  become  possibte  lo  observe  in  all  the  iravelo^ 
r^toos  of  the  electnmiagn^  tqiectnun.  NASA  will  launch  kmg-iived  ^»ce 
obscivatoms  designed  to  nudce  trtiscTvatkms     gamma  rays  (Gamma-Ray 
Obsovatoiy)  and  ultiaviotet  radiation  (HubWc        Tetesotqie),  has  begun  work  on 
the  Advanced  X-Ray  Facility,  md  win  letp^st  fiimb  fc^  in&aied  axrixxtc  and  orbiting 
observasiHies.  Euimen  coomries,  whkA  work  logc^ 

^l^cy^mid  J^Mai  have  vidxikm  idai»  of  their  own  for  a^Erophysocal  ob6trvn)ries 

There  wiU  be  additiooal  amioomkal  initiative  in  arms  that  have  jnevkHisIy  been 
r^ded  at  the  domain  of  pbysic^  IiKk«d,  bec&ise  die  physical  cmditi^ 
cenai  asUuuouucal  aomoea,  »a:fa  as  neotmn  mu%  «id  ttcer^  tunes  in  the 
ev^^m  trf  the  raivene,  mchidmg  the  b^tcmpermm^  higb-desm^  fdiase  that 
chara^eriaed  the  first  aeond  afta*  the  bi^  bang,  cmaxA  be  in  eardi-bcnmd 

laboratones,  usnmom^  <4isefvattom  omr  the  only  way  of  ttstti^  certain 
fomiamentat  theories  of  the  ekin^uary  partid^  diat  make  op  our  ma^rial  worid 

^»cffic  projects  ik>w  being  exjjrikssed  isclwk  tiKHe  wwk  on  the  me^uiemem  of  solar 
neutrinos;  a  search  for  gravitanood  wavt  nKliation«  weak  pertoirbatiota  i^^ich  the 
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theory  of  gcnml  relativity  pmlicts  shouid  be  pnxliiced  by  such  events  as  supernova 
exptosums;  ami  the  ^aich  {(w  uitra-high-emrgy  gamma  rays  and  connic  rays. 

Perhaps  the  fm>st  cbalk^ging  pt^Hem  in  astrophysics  and  physics  alike  is  the 
tdentificaiton  of  the  Kxalled  dark  matter.**  Obsovi^iofls  of  the  motknis  of  stars 
within  galaxks  and  of  galaxies  within  clusters  of  galaxies  suggest  that  tte  fcmre  of 
gravity  is  at  least  ten  timou  ami  perhai^  as  much  as  100  tinm,  sttonger  than  oi^ 
would  iHedict  by  simply  calculating  die  gravitational  force  [mKliJced  by  all  of  the 
matter  that  we  can  actually  xee-stars,  dust,  and  gas.  It  h  believed  ttyu  90  percent  of 
the  observed  gravitational  effect  is  di»  to  invisible  matter*  Tlwre  arc  thecmes  of  the 
fwmation  and  evolution  of  matter  in  the  universe  tlmt  suggest  that  this  invisible  matter 
is  diffuse^  that  it  is  to  be  found  throughout  spsK^,  and  that  it  is  ftmnc^  of  a  hitherto 
unkmwn  type  of  elementary  pwicle.  If  this  hypothesis  is  true,  then  it  may  be 
possible  to  (tetcct  dark  matter  particles  in  physics  laboratoiiest  and  a  variety  of 
expoimaital  techiuques  are  being  cfevised  to  smck  this  jroMem. 

Optical  Astrommv  in  the  &a  of  the  New  Astnmomies 

Far  from  ledudng  the  ne^  fo^  groundbased  optical  telescopes,  d>scrvatians  in  new 
wavelength  regions  very  often  require  «^tical  data  fw  their  successful  inteipretaiion. 
Because  of  tl^  temperatures  that  are  t;  pical  of  nK>st  astjopbysical  objects  and  because 
of  basic  piopeities  of  the  structure  of  au^ms,  the  optical  region  of  the  spectrum  is  rich 
in  diagnostic  information  about  the  coniposition^  motions,  dynamics,  temperatures,  and 
densities  of  astronomkral  sources. 

Even  identifications  of  sources  of  x-rays,  gaixuna  rays,  or  infrared  radiation  usually 
depeml  on  optksl  imaging  and  spectroscopy*  Ftw  examine,  it  is  very  often  impossible 
to  distir^i^  stars  from  ^axies  and  quasars  m  the  basis  of  x*ray  observations  alone. 
Already  more  than  «ic-quajtcr  of  the  observing  time  of  the  telescqpes  of  ibt  national 
observaicmes  is  devoted  to  fcrilow-up  oi  spa^  obsovations,  and  this  <femand  can  only 
increase  with  the  launch  of  the  HuUrit;  Space  Telescope  (HST)  and  otter  orbiting 
observatCHies. 

A^nuiomicat  stnirces  that  are  strong  emitters  of  x  rays«  gamma  rays,  or  infrared 
radiatims  are  often  him  in  the  (^>ucal  lepm  and  can  be  detected  only  with  the  largest 
Kdesc(^)es.  The  dif^ltMSS  of  o^nical  sttuiies  are  compounded  by  the  fact  that  what  is 
most  useful  is  spectroso^  of  faim  MNirc^  whkh  is  required  to  defermit^  their 
compositions  ard  moticms.  Spacecraft  experiments  to  date  have  emphasized  im^^ing 
in  a  broad  range  of  Gtieigy.  For  optical  observations  finom  the  ground,  wluit  is  usually 
done  is  to  disperse  the  li^  into  a  ^wcuum,  a  {Hooechire  equivalent  to  crf>sming  only 
in  a  very  nanow  ensgy  range*  Greaia*  anstivity  is  required  fiw  spectroscopy  than 
for  fanml-band  imaging. 
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Fortuna^y,  tochnical  «tvam:e$  have  made  it  possible  for  ofKical  awroomy  to  irspond 
to  these  new  demands.  Rapidly  imfrnving  de^cfors  are  beccmiing  so  sa»itivc  that 
they  are  ab^  to  measure  nearly  ev<^  phc^  that  reaches  diemu  The  areas  of  these 
detecttjTs  are  imnasing  as  welU  so  that  it  has  beccnne  possiMe  to  c^scrve  either  larger 
areas  of  the  sky  or  ImiKkr  spectral  regicms  with  a  exposure. 
For  infrared  aslnHKmiy,  the  impiovenK^nts  in  sensitivity  and  area!  coverage  have 
increased  the  efficiency  of  existing  tetescq[ies  by  factors  of  as  much  as  10.000  in  ttie 
last  tteee  yesffs.  The  N^ional  Optical  Astrmomy  CXyscrvaicm^  (NOAO)  have  worked 
closely  with  cmmneiual  manufacturers  to  test*  chanctcii;^*  ami  modify  [m)duas 
(tevetoped  for  oiha  {wrposes.  including  ctefense  afH'licacions,  for  use  in  astronomy* 

Astronomers  are.  however,  ra|HdIy  af^^oaching  ite  limits  of  what  can  be  adiieved  by 
im{mving  (tetmors.  Thext  are  i^tical  limiutims  to  the  size  of  detectcrs,  ami  cmce 
all  tt%  p}K)tons  are  (tetected  no  Anther  gains  in  sensitivity  are  possible.  The  cNiiy  way 
to  observe  still  fainter  sources  is  to  build  larger  telescopes. 

Large  Optical  Telcsconcfi^-FeasibiHtv  and  Justification 

Just  as  Mhnotogy  has  ted  lo  remarkable  iropiovements  in  detectors,  so  too  it  iKhv 
makes  possible  the  ccmstruction  of  telescopes  that  are  bcHh  larger  in  terms  of  apeiture 
and  better  in  terms  of  image  c^ality  than  any  now  in  use.  Furthcnmm,  the  use  of 
WW  technologies,  which  pomit  tte  manufacture  and  mounting  of  much  thinmr*  and 
therefore  lighter  wti^  mirrofs  than  were  used  in  older  tdescqpes,  makes  it  pebble 
to  lower  significantly  the  cost  of  construction. 

For  (mly  twice  the  cost,  correcmi  for  inflation,  of  the  existing  4-m  tdesctqies,  we  can 
now  build  telescopes  that  will  be  16  times  mcnne  sensitive  fi^  certain  types  of  limiting 
c4>servatic»is.  A  gain  of  a  fact£»'  of  4  is  achieved  tluou^  increased  collecting  area; 
these  telescopes  will  be  8  m^en  in  dianider.  AnottM^  factor  of  4  is  due  to  the 
impmved  image  quality  that  can  be  achieved  with  modm  mirrM'-poljshing  and  testing 
techniques. 

One  resc^h  program  that  can  only  be  tiM:kled  by  tto«  larpe  telocopes  is  the 
obscrvatioQai  snuay  of  the  formatkm  and  evolutmi  of  galaxu^  With  exi^g 
telesct^lN^  astronomers  can  deMt  gatexies  tba  ffit  so  far  away  that  liilix  takes  about 
10  billion  years  to  reach      We  are  cAssmir^  those  galaxia»  as  they  wene  wten  the 
universe  was  only  about  20  pmm  as  old  as  it  is  ik»w«  The  nmai^reonents  show  that 
much  of  the  impcmam  evolutkm  of  galaxies  takes  {riace  during  the  tin^:  that  Uie 
universe  was  boween  20  pcsc&si  and  SO  percem  of  its  presrat  age. 

To  uncterstaod  bow  galaxies  form  and  evolve*  howeva'«  we  muM  know  inmfe*  We 
must  fitetect  galaxies  even  earikr  in  the  histtyry  of  the  universe  try  imaging  still  more 
dist^  and  ttoefore.  faintor  galaxies.  We  must  also  dissect  the  light  (a  M;hnkiue 
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kTOwn  as  spectroscopy)  of  the  very  distant  galaxies  already  discovered  so  thai  wc  can 
(tetermine  their  corog^itiims,  masses,  stellar  poputatioos,  dust  and  gas  content,  and 
internal  dynamics,  Th«re  is  also  evidc  x  that  collisions  witfi  other  galaxies  play  a 
dominant  rote  in  sharing  galaxy  nmpbology,  and  spectroscc^y  holds  the  key  tt> 
umtostanding  the  effccts  of  ^uaxy  intoiKmoits. 

Spmc  telescopes  will  play  a  key  rote  in  inaaging  mA  i<tentifying  young  galaxies. 
La^  gioundbascd  teles(x>pe5,  iK^wever.  will  be  required  for  dc^kd  analysis  of  the 
q[mcal  light  of  ttese  veiy  dimm  and  veiy  faint  galaxies.  An  8-m  telescope  has 
fwarly  nine  times  the  coltecting  area  of  the  Hubbte  Space  Telescope  and  therefore  nine 
times  the  sensitivity  fcr  faint  object  spectiosc^y.  Furth^  gains  can  be  achieved 
because  grrandbased  telescopes  can  mmt  readily  be  equipped  with  state-of-the-art 
instrumentaijm  since  the  le^  timt  for  building  and  c<munissioning  gioundbased 
instrumentation  is  much  shc»ter.  Fimhenn<He,  costs  on  the  grcNJiid  are  very  much 
lower  than  in  space,  A  fully  instrumented  8-m  tetescc^  will  cost  no  nurc  than  5 
pen^t  of  what  the  Hubble  Space  Telescope  cost:  eqjivatently,  tla  cost  of  an  g-m 
telescq)e  on  the  grwind  is  i*our  the  same  as  the  cojt  of  a  single  instrument  for  HST. 
What  can  be  done  ftom  the  ground  stmild  De  d^nc  from  the  ground 

Lar£e  Optical  Telescopes..Wans 

Providing  for  access  to  tte  next  gcnCTStion  of  8-m  *'ass  telcicupes  is  seen  as  the 
centra]  Ksue  for  groundbased  astmnomy  throughout  b:r  v^orld  during  the  next  dcadc. 
Ntost  of  the  countries  with  substantial  astrmomy  communiti^  have  already  made 
ptovisiOT  fcwr  the  constnxrtion  of  nationally  accessible  8-m  class  telescopes  or  are 
actively  attempting  to  initiate  such  projects. 

Two  pro^^cts  in  this  category  are  ahe«ly  fun<fcd  The  Eun^rcan  Southern  Observatory 
has  received  a  commitn^  fnwn  its  member  natkms  lo  {nnvide  $2^*0  million  over  tht 
next  ten  years  to  build  four  8-m  te!e8X>pes  in  Chile.  In  the  Uniteci  States.  Caltech  and 
the  University  of  California  have  conmimcd  i^arly  $100  million  trward  the 
construction  ami  instrumentation  or  a  private  10-m  tttlescnoe     Mauna  Kca  on  the 
Island  of  Hawaii.  Tte  bulk  of  tte  ccmstruction  fuiuls  have  been  frovidcd  by  ite  Keck 
Foundation. 

This  early  astd  firm  cuannitmem  by  ESO  to  tte  coostructitm  of  four  8-m  telescopes 
ccmtimies  a  trend  to  greatly  imwascd  anj*asis  in  Europe  on  grouiKltesed  astronomy, 
a  trend  which  has  not  bera  mascted  in  aw  United  States,  TaWc  1  lists  tte  telescopes 
w)w  in  operstioQ  with  apertures  of  3,0-m  and  greater  aviulaUe  to  Eun^^ean  and  United 
Sta^Mronomcss.  Tte  total  o^Iecting  area  is  comparable,  tet  only  tvi^  of  tte  U.S. 
tetect^  wot  comjdeted  in  tte  pst  fifteen  years.  Six  of  tte  scvm  European 
telescopes  were  comjri^d  in  tte  past  (tocmie. 
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TABf.E  1 

HXISTING  TEIJ£SC  OPES  WITH  APKRTURKS  k  3  MKTERS 


OWNER 


U  of  Cal. 
NASA 
NOAO 
NOAO 

Smithsonian 
Caltcch 


ESQ 
i-RG 


Canada/France/ 

Hawaii 

ESO 

UK 

UK/Auslraha 
UK 


Russia 


NAME/LOCATION 

APFRTl  ;RK 

i  ^^^^  111  v^att 

l3^ua^e 

Shane/Lkk  ObN. 

U) 

7.1 

IRTF/Mauna  Kea 

3.0 

7.1 

CTIO 

4.0 

12.6 

Mavali/Kin  fHsak 

4  0 

MMT/Mi.  Hopkins 

4/i 

{{ale/Palomar 

S.I 

Total  Area  (US) 

75.7 

N  rT/l.a  Silla 

German-SpaniNh/ 

Calar  Alio 

CFHT/Mauna  Kea 

3,6 

10.2 

3.(hmJl^  SiUa 

3.6 

10.2 

UKIRT/Mauna  Kca 

3.8 

11,3 

AAT/Siding  Spring 

3.9 

11.9 

Hersch^l/La  Palma 

4.2 

13.9 

Total  Area  (Huropean) 

76.7 

SAO/Zelcncliuk 

6.0 

28.0 

Other  g-m  class  projects  are  seeking  funding.  Japanese  astronomers  are  planning  \o 
request  funding  for  a  7J-ni  national  telescope  on  Mauna  Kea.  The  United  Kingdom 
and  Canada  each  have  <tevcloped  long  range  plans  that  call  for  funding  one-half  of  the 
cost  of  an  8-m  tdcsct^.  with  the  intention  of  finding  panncrs  to  ccmiplete  the 
projects.  Tte  Universsties  of  Arizona  and  Ohio  Slate  have  sigi^  a  memorandum  of 
understanding  with  Italy  that  calls  for  construction  of  a  private  telescope  with  two  8  rn 
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mimm  m  a  sijigk  mcmat;  this  ^fescope  will  be  placed  cm  Mmim  Graham  in  southern 
Arizona*  The  Carnegie  lostitotion  of  Washiogt<m,  in  conjunctioa  with  Arizona  and 
possiMy  lolms  Ho{duiis  Univmity,  has  indicated  an  intcntkm  to  sedc  hinding  for  an  8- 
m  priv^  telescope  in  Clit'e, 

NOAO  serva  the  nuycdty  of  the  U,S.  asuronomical  research  cxmununity,  which  is 
lepreso^  by  the  privtte  ptojects  menticmd  above  and  will  not  have  open  acccjis  to 
tte  conqjtetcd  facilities.  NOAO  thcrcfone  plans  to  (»opcM  the  construction  of  two 
natiimal  g-m  tclesaqpe&.  One  would  he  pisctd  on  Mauna  Kca;  tlw  otlw  wcwld  to 
Chik  what  NOAO  cimendy  cfierat^  the  Cerro  Toldk)  lma--Amehcan  Observatory. 
This  initiative,  if  fully  fumM  ami  if  all  of  tte  private  fund  raising  effims  in  tte  U  S, 
aie  succf^sfitU  vimild  restme  die  exisd^  parity  widi  Eurc^  in  tenns  of  gmundbased 
observing  ftcilides. 

NOAO's  plan  fiisr  two  S-ro  tdcscc^  rejmsents  a  omsider^  scaling  back  of  the 
plan  put  AHlh  nearly  a  dec^  ago  by  dn:  uKist  lecent  Naticmal  Academy  of  Sciences 
A^roiKMny  Dec»k  StiHlyp  diaired  by  Dr,  George  Field  (Astronomy  and  Asin^ysicji 
for  die  iwOs^  Volume  I,  National  Academy  Press,  1982),  TTiis  study  called  for  the 
coostnictioNa  of  a  16^  equivatent  aperture  telescqie,  die  so-rallcd  National  New 
Tedmokigy  Telescope*  Tte  scaling  back  has  cxmt  about  for  two  itaMMis.  Firat,  we 
now  know  diat  die  i^nm^iheit  ov^  grouiKUiascd  si^  of  Mm  caliber  of  Mauna  Kea 
can  pmdooe  much  bc^  image  quality  than  was  realued  ux  the  time  of  the  ckode 
survey;  to  realize  d»  full  Mhrantage  of  d»se  siu»  it  is  necessary  to  produce  telescopes 
of  much  better  optical  quality  than  diosc  mw  in  use,  and  it  s<^s  jmident  to  resolve 
diesc  vny  diflfK^t  tccbucal  issm  a!  die  g^m  size  fifSL  Second,  given  the  hisuny  of 
NSOF  finding  fiir  astioiiraiy  ovo^  the  pm  decaite  mA  die  need  to  rcKrive  the  pn^lem 
of  the  federal  budget  deficit,  it  sccnas  unrealistic  to  expect  to  receive  finuling  in  die 
near  future  for  a        natiotml  telescope. 

We  have  bewi  noourag^  by  die  NSF  to  seek  partners  for  die  8-m  promts  so  diat 
NSF  funds  wouM  need  6>  be  provided  for  no  mem  dun  one  tt^lescope.  We  hqie  to 
establish  a  joint  prqgrun  widi  die  Uni^  Kingdfmi     Canada  or  bcHh*  Success  in  diis 
effort  is  Inr  no  n^sis  assured,  tm  die  scientific  goals  and  technical  requir»Knts 
estaMished  imiepemkafidy  by  all  droe  countries  are  mutually  c^«^slent  We  believe 
dud  Si»h  imenwioQal  ooc^MmkMi  can  be  mutually  benefkial,  c^n  serve  brouter 
oeimial  pcdicy  otgeciiva^  and  can  help  us  get  staited  widi  at  kast  pan  of  die  n^nal 
8^  idesoi^  program. 
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A  drawing  of  ihe  NOAO  8  m  tck&copc  design  is  included  as  l  igurc  1.  I  Jic  struciurc 
is  obviously  different  from  existing  tclcscopi-s.  and  t  lese  suuttural  clianccs  are  only 
one  of  many  design  innovations. 


Figure  1.  A  drawing  of  dw  8-m  telescope,  for  which  NOAO  is  seeking  funding. 
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Td^  2  lists  tiiie  iaige  telescopes  thai  are  in  advanced  s»ag»  of  plaiming  both  in  this 
cOQSHy  and  idxoad  If  all  wexe  buth,  then  the  comlnn^im  of  jmvatcly  ftuKled  and 
D^kmally  accc^ble  fadlttii»  in  Usis  cmntry  would  maintain  a  ctmipetitive  positicm 
for  the  U.S.  Urn  n^kml  facilities  for  tte  U.S.  will  be  placed  cm  stcs  bolh  in  Chile 
and  in  Ifowaii  where  large  tetescopes  have  beoi,  or  soon  will  be,  built  by  other 
git»q^  When  lechmqnes      c^ni^  and  infirarcd  intcricrpmctry  are  (teveloped,  the 
NOAO  ^tesccqyes,  lite  die  ESQ  8-m  telescopes  could  become  oMnponents  of 
tetescope  arrays  with  uni»vcedented  power. 


TABLE  2 

FUNDED  TELESCOPES  WITH  APERTURES  >  6.0  METERS 


OWNER  NAME/LOCATION  APERTURE  AREA 

(Meiers)  (Square  Meters) 

UC/Caltech         Keck/Mauoa  Kea  10.0  78 

SmithsowJlan         MMT  Upgrade/  6.S  33 
Mt.  Hm)iuns 

ESQ  VLT/Chifc  4x8  200 

PRCHK)SED  TELESCWES  WITH  APERTURES  >  6.0  METERS 

NOAOAJK?         NOAO/Mauna  Kea  {LO  50 

NOAOW^anada?    NOAOOile  8.0  50 

AZ/OH/Italy        Columbus/Mt  Graham  2x8  100 

Carnegie  Magcllan^^  Campanas        8.0  SO 

A2VHo{^ins/        JNLT/Mauna  Kea  7.S  44 

Js^ian 

Tai  Al  %  :HA  of  ALL  PLANNED  AND  FUNDED  LARGE  TELESCOPES 

286 

Countries  319 


To  serve  the  sbaqily  incxeasiAg  dc^nand  fof  observaiioiK  thai  do  not  require  the  largest 
gitmmftased  telcK»p<^  NOAO  also  plans  lo  particifMSe  with  aniv«rsiti»  in  ^ 
coistructioii  ffiid  operation  of  al  least  two  additi«^)al  3.5«m  telescc^)^  Most  of  the 
coostnctioD  funds  will  be  piovicted  by  the  unwersines  at  no  o^t  to  the  Feckral 
Tieasiny*  NOAO  will  then  opmte  ^  telescopes  for  a  fixed  period  of  time,  j^bably 
IS  10  20  years,  and  observing  time  will  be  ^biared  between  the  universities  and  the 
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national  commuiuty  in  {mmmkm  lo  the  fioaiKdal  commitfi^mite*  The  telesccqpes  mil 
be  <tesigiud  to  mm  ^ixmc  sciemific  requiranems,  such  as  the  sufqm  of  space 
mUsums,  and  will  be  desig^  fitom  tbe  outset  to  have  k>w  tnaimoaaoce  costs. 
iocien»ual  costs  of  (qseratin^       telescopes  on  existing  siftrs  is  small.  If  NOAO  s 
tmdg^  does  not  improve  dunng  the  four  years  required  for  comtnicticm^  then  the 
cqpc^ng  fitnds  wtHild  be  c^ned  by  cki^ng  existii^E  miaU  telescc^ 

Another  example  of  pow«^  ccdJidmatkms  in  die  (fevelcqnnent  of  plans  for  new, 
large  optkal  ^esoopes  is  the  Lvge  Eantdiased  Scriar  Te1esc«q»e,  ^  LEST,  A 
ccmsmiimi  of  mi  natkms  is  dej^jpstng  die  w(^*$  lai^gc^  solar  telescqie  to  im>be  tbe 
finest  details  of  die  atino^fAm  erf  die  maiest  5t»  -  <mr  Sun.  The  Sun  im>vi<ks  us 
with  an  unparalleled  plaaaa  physics  labmaiory,  to  {Robe  i^ocess^  of  trenKmlous 
unpmtance  fijr  astioidiysics,  as  well  as  the  entire  sdarHorestrial  ^vtnmnxs^  ami  dw; 
s<dar  pfaysiasts  of  die  world  are  jcnning  focus  to  cooperadvdy  enploit  diis  bnponant 
area  of  raeaich. 

In  sbrat,  NOAO  is  aggres^vely  seeldng  partial  fonding  for  die  projects  that  it  is 
proposing  dirough  the  fonn^n  of  ccos<mia  widi  odia-  countries  and  with  U.S. 
universities.  Ctaly  th^  portion  of  eadi  proj^  duu  is  fiinckd  by  die  NSF  will  result  m 
fadtidcs  diat  ate  open  to  tbt  entire  U.S.  craimunity. 


Adeou^v  at  NSF  Suj^  for  Astroimmv 

The  i^idcf^u^y  of  NSF  suf^port  fw  astronomy  Miust  be  nK;asured  gainst  the 
opportunities  inesei^  by  d»  fidd  itself,  by  available  technology,  by  our 
omtotanding  of  etem^miy  pffi:ticle  i^ysics,  and  by  tte  vcn^  real  challenge  to  U.S. 
leadmhip  diat  is  being  mounted  abrc^  Widi  respect  to  dus  standard,  funding  over 
die  past  decaite  h^  baai  wtolly  ii»fequate.  In  bis  t^roooy  before  diis  committee 
last  year,  Dr,  Arthur  Walte.  who  is  here  again  today,  said,  TTw  situatiOT,  especially 
in  astronomy,  has  now  reached  die  point  diat  die  tesic  infrastiucftirr  of  die  national 
obsuva^es,  and  erf  univmity  based  research  groups  luts  begun  to  aumbks,  and  may, 
if  the  situad^  is  not  addressed  imrm^mely,  sufier  damage  diat  will  require  years  to 
repair.  If  diis  occurs,  the  ccmipetitive  situation  in  which  m/t  find  ourselves,  with  loss 
of  leadership  having  abeady  occurred  in  a  few  fiehis,  about  to  occur  in  others,  md 
with  our  leadership  beii^  Anm^y  chaltenged  almost  everywhere,  may  d^o^oraie  voy 
r^dly,  I  urge  ytni mldress  the  qu^ticH]  of  die  low  prioiity  acccnrded  the  irfiysical 
saeiKes  in  tl»  NSF  budget,  ovist  die  past  four  years  especially,  immecfiatcly  in  die  FY 
1989  authorization"  ^ 

A  floor  was  subsequendy  jd^^  under  tht  astrcHKKny  but^  by  die  Congress,  and 
diat  «:tkm  was  certainly  helpful  The  budget  request  for  FY  1990.  bowevw, 
perpetuates  ite  fumling  jmitiams  fsaxd  by  astrcHK^ny. 
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Rgure  2  shows  ihc  funding  rec«iv<»l  by  NOAO  airf  by  ihc  Astronomy  Division  wiihin 
NSF,  since  1984  and  iximcttd  Jwr  inflation  to  FY  1988,  comparol  to  the  funding  for 
NSF  as  A  whole.  Tte  figure  includes  ihc  funds  requested  for  FY  1990  in  the 
Presicteni's  biKlget  submisstoa  to  Congress.  If  this  request  is  accepted,  then  in  lenns 
of  iHirchasing  power,  tte  iHjdgct  for  NOAO  fran  FY  1984  through  FY  1990  will  have 
declined  by  10  percent  while  the  bud^t  overall  of  ihc  NSF  has  increased  by  35 
pett^t 

PEFCENTAGE  CHANGE  SINCE  1984 


^40 
+35 
+  30 
+  25 
+20  h 


(1988  DOLLARS) 
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1988       1989  «990 


Figure  Z  The  budgets  for  NSF,  the  astronomy  division  within  NSF,  and  NOAO  from 
1984  to  1990.  Ail  figures  have  been  corrected  to  FY  1988  dollars.  For  FY  1990  an 
inflation  rate  of  6  percent  was  assumed. 
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The  FY  1990  nsqoest,  ttoefcm,  (toes  mHhuig  to  reverse  tte  fuiuling  trmds  for 
asin»Kxny  during  tte  pasi  six  yoos.  la  foct,  in  temis  of  pirdteising  powo*,  the  budget 
will  be  at  its  lowest  level  since  the  early  1960&,  befoce  con^rwtioa  of  the  4-tn 
telescope  on  Kitt  Pteak  ood  of  telescopes  at  CTIO  had  begun  aiHt  picN'  lo  NSF 
assutnptk»fl  (tf  iri^jxxi^laJity  fan  the  ^ar  fKilitics  at  Sacnuwnto  rak  in  New 
MexiO).  NOAO,  iriikli  has  alre^y  cut  it&  staff  by  12  peicoit  sim^  1!!^  and  Uy  ISO 
pcofHe  since  1979,  will  have  to  reduce  staff  by  mat  ten  more  po^tkn^.  At  lea^  one 
tek^cope  at  Kin  Peak  Natioi^  Oterrvaiory  will  be  pomamnlly  cte^  we  m  still 
determming  wfaaho*  <x  iM  other  lelesec^  will  be  closed  or  additional  {rograms 
tnnunaied  The  facility  will  cootioue  to  diMname  for  lack  of  ^equate 
maintenance,  Instnnnentaticm  and  OMnputers  will  continue  ^  be  used  long  after  they 
shcmld  be  lepl^^  with  bc^  technoicjgic^.  Sateic^  in  selected  areas,  imrluding 
seokr  eiq;ineers,  software  perscMuiel,  and  scientifk:  staft  win  remain  uncompetitive 
with  the  universities  with  wteon  we  compesc  few  perso^Hd,  There  is  no  funding  to 
carry  out  the  equivalem  of  NASA  Phase  A  design  studies  of  the  telescope  structure 
ami  enctosure  for  the  8-m  telescopes. 

Evm  with  aU  of  oiff  te{esc(q)es  in  full  qxnratim,  y>ft  ait  abeady  for^  to  rckct  nearly 
two  thirds  of  the  reque^  we  recdve  for  c4»aving  time  be^^^ise  we  do  not  have 
enou^  facilities  m  nmi  the  needs  of  the  natkm's  astrmumns. 

Furthenriore,  we  risk  not  cvm  having  die  itsouices  to  cAisave  and  study  tte  solar 
stcmis  Am  sne  b(^[innii^  m  occur  imire  md  more  fineqi^mly  as  we  a^^m^h  ttte 
maximum  of  solar  activity,  which  is  jnedict^  to  occur  in  1991.  These  violCTi 
expbsi<Ris  ami  e^ctkms  of  matter  are  not  only  of        signiftcance  for  our 
undostamling  of  stai^  and  cHher  plasmas  mrc^iglKnit  the  universe,  tbey  diiectly  impact 
our  tema»trial  envirramem  with  ro^  '  ces  for  ttv;  eardi*$  iocosi^iere  and 

upper  atmo^)heie.  We  cannot  afEnid  q^K^tunity  to  ^udy  what  appears 

likdy  to  be  one  of  the  \9S^x  solar  u         a  recorded  history.  New  work  is 
essential  (hiring  this  maximum  since  ti^.  .  ^abc^ation  h^ween  plasma  physics  and 
solar  {Aysics  holds  bright  pnxnise  for  cteveioping  the  ciq>abi^\j  of  predicting  solar 
sftmis. 

The  bmteet  jm^lems  of  NOAO  are  even  mwe  severe  tlmn  Figure  2  implies  since  we 
have  undertaken  a  miycxr  new  program  m  measure  the  intaica-  stnK^tuie  of  tte  Sun. 
The  expoimem  is  krown  as  the  GONG  (Gtobal  Oscilhoiras  Nmwofk  Group)  inoject, 
and  its  g(»al  is  K>  i^iac^  six  mstrumems  around  tte  gk^  lo  oscmilnr  the  Sun 
rontinutxxsly.  The  Sun  is  actually  a  pulsating  st^.  Small  rq;ioi»  on  the  Sun  move 
alternately  toward  ami  away  from  us  (Figure  3X  These  surftK^  oscillations  are 
generated  deep  in  tte  im^ior  of  the  Sun.  By  n^asuring  the  an4)linutes  (a  few 
ccntimMis  per  secrad  in  vekx^sty)  ai^i  poiocb  (tyi^calfy  a  few  minutes  with  5 
minoies  being  tlxi  most  (xmmxm)  of  the  oscillaticns,  it  is  pc^siUe  to  d^hice  what  the 
interk»r  structure  of  the  Sun  must  be  like,  just  as  geologists  infer  die  interic»'  structure 
of  tte  Eattb  by  aiudyzing  esntfaquak^. 

This  pro^t,  which  invdves  mmt  than  100  rese^cbers  throu^ut  the  United  States 
and  otlK7  countries,  was  the  snbject  of  a  separate  proposal  that  was  submitti»l  to  the 
NSF»  with  an  NQAO  staff  nxmbo^  as  princiiml  investigator.  This  proposal  was  very 
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W^ly  ralcd  and  was  ^cepied,  but  il  is  obvious  from  Figure  2  that  NOAO's  budget 
has  not  been  increased  to  suppwt  the  GONG  program.  During  FY  1989.  $1,200,000 
has  been  Inidgctcd  for  the  GONG  project,  and  the  rcniaintkr  of  the  NOAO  program 
has  been  cut  to  make  room  Ux  this  initiative. 


Figure  3,  Tte  surf«»  of  the  Sun  oscillates,  nnyving  alternately  outward  and  inward. 
The  dark  areas  in  this  diagram  are  moving  toward  the  center  of  the  Sun;  the  light 
aeas  are  moving  away  from  it  Aflcr  about  five  mmutcs,  the  motions  revose.  By 
analysing  these  motions,  ajOtronomers  can  determine  the  temperatuire.  density, 
compositkm,  rotation  rate,  and  oUwa^  charactoistics  of  the  intoior  of  the  Sun. 


NSF  has  requ€s>uxi  diat  we  imnw^  the  fiiiKltAg  for  the  GONG  effmt  in  FY  1990  to  a 
mH  of  $l,900.00a  Since  die  total  ioctm^  recited  for  NOAO  for  FY  1990  is  only 
$UfXX)»000,  and  $700,000  of  th^  inane^  must  be  ccmiinitted  to  the  GONG  project, 
funding  for  Sxi  core  piognun  will  mce  agam  fail  to  meet  increases  in  costs  cut  to 
inflatioit  If  die  GONG  (xmuniunents  are  taten  ?nto  account*  die  fuiKfing  for  operation 
of  fadlttiea  has  Mkn  by  ck»e  to  2D  pncent  ovt?  the  seven  year  int^al  I984-199a 

The  i^lems  faced  by  NOAO  are  ikh  unim^.  Otter  natmml  astroimny  t^M^atories 
have  com^wable  pxybtems  ami  many  excellent  proposals  for  individual  research  grants 
to  univOTity  faculty  must  be  rejected  solely  because  futwiing  is  tM  avaiiaUe* 

It  shcmld  be  understood  diat  the  natiimal  observatories  have  no  significant  souio;  of 
funding  oihtar  than  die  NSF.  As  a  matter  of  policy.  NASA  docs  not  support 
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groumfliascd  follow-up  ol^ervalicms  in  conn^rtion  with  astmjrtiysics  programs, 
alftough  it  (tecs  suRK>n        gmundbased  wcHk  in  both  solar  and  planetary  research. 
This  policy  appU^  lo  fmvme  and  university-based  observatories  as  well  as  to  the 
nati(mal  cemers. 

Rcvitali2at»fl  of  GrpujKfl»fied  Ajaynmw^y 

The  Gollapse  of  the  300-foc«  dish  at  Giwn  Bank  stands  as  a  symbol  of  the  state  of 
groundbased  asircHKHny  in  tte  Unit^  States.  While  the  collapse  was  appar«itly  not 
<farcctly  caused  by  lack  of  fuiKling  for  «idequate  maintenance,  it  ctoes  illustrate  the  fact 
um  Andean  astionon^  must  lely  fw  their  work  cm  aging  f^ilities  that,  while  still 
ht^yjmxluctivc  need  to  be  upgraded  cr  rcp!^  in  onfcr  far  the  U.S.  to  maintain 
sa^mlK  leadoship  in  this  field  tteough  the  year  2000  and  beyond.  Only  in  radio 

the  Very  Large  Array  (VLA)  and  the  Very  Long  Baseline  Array 
(VLBA),  whurh  is  now  umkx  cOTsnncticm,  does  the  U.S.  community  have  access  to 
faaUtks  thai  m  deariy  superic»r  to  those  available  elsewheic. 

There  has  been  much  discussion  about  tte  dcsiralrility  of  replacing  the  300-fbot  dish 
with  a  rooctera  ftilly  steeraWc  antenna  of  compan*le  ^icrturc  While  I  am  nw  an 
expert  m  this  field,  I  ui»krstand  th«  tlw!  scientific  justification  for  such  a  facility  is 
very  stitmg.  ^ 

The  scwjlific  justificalimi  is  at  least  comparably  straig,  in  my  view,  for  several  other 
gfoundbased  jwojccts.  There  is  a  pressing  need  for  larger  qptical  telo^opes,  and  tlnrrc 
have  beoi  iw)  new  nask>naUy  acc«ssiWte  optical  telescop  ?  built  in  nearly  15  years. 

yi-BA  should  be  finidied  as  quickly  as  possiWc,  rhe  GONG  project  needs 
MditKiMl  fundiDg  so  that  it  can  be  ownplctcd  in  a  timely  and  cost  effective  way. 
Upgrading  the  Arecibo  radio  telescope  would  greatly  enhaiK:e  its  sensitivity. 

Theft  aie  plans  to  iknjble  finding  fen-  scier^  through  the  NSF  over  the  course  of  the 
Kxt  five  yem.  (f  0stnmomy  ss^mt  were  m  incntasx  itf  Ou^  same  rate,  Ihem  the 
Jm^wmMbewaibdaememfyQmQaQfAeprv^cts  mentioned  here  and  mmU 
kad  to  a  rtvOoHmkm  ofsgnral  m^farJfb^U^5  of  research. 

Nafema]  QbscrvaiPilCT  and  Hdtact  Edncatkm 

Alttouj^iastronwny  is  often  thought  of  as  the  most  t»sic  oi  the  sciences,  astttmomers 
lecavc  moad  uaimng  that  pcsnmts  them  to  ccratributc  to  rwcarch  and  developraait  in 
many  areas.  Sdemists  with  advaiuxd  (tegrees  in  astronomy  aie  to  be  found  in 
ifl(ta^tWlwe  their  cfMxibQ&ms  in  siK:h  arw  as  detect  devdopmcnt  md  image 
aMly«^  draw  dkMly  on  tbra^  astmomkral  trMning,  Most  astrommicrs  deveira 
wubstaot^ddlls  in  develqHng  compkK  software  a:^  often  work  for  ccmxmacial  firms 
mat  ^oWdeoi^    soviet  to  ^vraiment  aiul  imhistry.  Scientists  who  have 
dcvoMcd  the  eapertise  in  bydn>dynffink:s  and  radiative  imtxsses  to  model 
^J^^^sical  plasms  an?  making  mnjor  comributtws  to  the  wwk  of  govwrnwrn 
w^OTS  labtHatorics.  TTic  challeni^  of  nw^iing  tte  tecW:^!  leqtmtmwjnis  of  complex 
asHOQomical  expeximrau  has  ted  to  innovaiicms  in  qptics.  detectcn*  technology* 
moddJUng  tlw  effects  of  the  atim^heie  (hi  tl»  imaging  of  cSstant  soun^  computer 
asibancemem  of  in^s^  and  a  hc«t  of  othc^  areas  that  have  tol  to  commercial 
appHceskm. 
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Tte  qoaltty  of  sctoice  educ^ioo  in  tlK  Uo^  St^  has  become  a  mmcr  of 
tncie^faig  ooiMxanD.  AstroncMny  can  nudse  impoitiM  conmbutkms  in  ibis  area.  Many 
mentis^  in  all  fields  trace  fSmr  first  imen^  in  sciemx  to  astimomy. 
IntnKtetmy  astrofiomy  is  one  <rf  the  nmt  {x^lr  courses  on  college  campuses  and  is 
often  the  cody  scimx  course  taken  by  non-soeiKe  miymk 

Mos^  impm.     y  in  mm&  of  eckicai^,  the  n^KM»l  rmkt  availaUe 

obsc^vuig  ^    .MS  ditt  are  qpen  to  lU  astroaoiiiers.  CKiserving  time  is  granted  chi  the 
basis  ctfp^    review  of  p«?jwsal^  It  is  therdfofc  poswl*?  for  any  university  ptej^^ 
to  invest  in  a  smaU  number  of  Ugh  qudity  faculty  to  have  mi  excellent  astimmiy 
im^ram.  Many  univasiti<»  have  takca  ^anuge  df  this  <q»|^tumty  and  have 
extended  tbdr  ^rowmiy  fiograms  thning  die  past  decade.  There  arc  n^y  campuses 
on  vAikh  the  agronomy  progrun  is  the  strcmge^  of  the  jdiysocal  sciences  as  me^ured 
by  die  ouattly  of  research*  The  existence  of  strong  astronomy  piograros  in  luni  raises 
the  quslity  of  the  sciratific  imigranis  in  odier  sconces,  particularly  in  phy^  widi 
wh^  astronomy  is  often  ctosely  allied 

Tfac  offikHial  otearvatxxies  also  |day  an  esso^  rote  in  gradtiate  eductfkm. 
Araroxtmi^y  one  qoftrter  of  the  ummomy  Ph.D.  (Sucn^ions  in  diis  country  inclucte 
data  ofataioed  at  Kin  Peak,  torn  Tok^*  cr  ^  the  solar  facilitks  (^leraied  by  NOAO 
laSacnsnemoPeakinNewMexko,  If       at  the  two  mokmd  radio  astrcmomy 
otecTvatmies  is  hscluikd,  it  is  Ukdy  dut  more  than  half  ctf  the  doctoral  degrees 
gnu^  in  the  U.S.  in  astroomny  mc  based  at  least  in  pait  on  (tata  obtained  at  national 

The  in^»ct  of  the  national  cemm  is  vtay  wideqinead  In  FY  1988.  astroncnners  from 
39  states  and  the  District  of  Columtna  made  use  of  die  facilities  ^  NOAO  (TaUe  3). 
Astronomy  has  su£C»»led  in  building  strong  ptograms  of  resem:h  ami  grachiate  student 
training  thpougbout  tte  o^iim  becmisc  oi  jwt  invtstn^nts  in  natiraal  cenim* 


TABLE  3 


HOME  STATES  OF  NOAO  VKITING  OBSERVERS 


AUbmia 
Arizona 
Arkansas 
CaiifcHnia 


OmnectKut 


Delaware 

OecHTgia 

Hawaii 

niinms 

bu&ana 

Iowa 


Komicky 
Looisiwa 
Maryland 


Mmachusetts 


Micln^ 
Minnesota 
Misstssimn 


New  H8n^[xdiire 
New  toscy 
New  Mb^ 
New  York 
Nosth  Cmolina 
Oregon 


Ohio 

CXdabcma 
Pmnsylvania 
Tomc^oe 
Texas 
Vetmras 
Virginia 
Washifig^ 
WashingKm, 


Wisroosin 
Wymnng 


Kansas 
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Asdwimny  ims  been  nmked  Waorteally  by  majcar  advances,  often  as  a  lesuU  of 
cfcvcl<^pHnenis  in  theoretical  jdiysics  or  dances  in  technology,  followed  by  periods  of 
omsoUdmioa  GaIileo*$  (tevetopimisit  of  the  astiommucal  telescope  couple  vath 
Ncwton^s  taw  of  gravity,  ted  u>  a  ompletc  dkrscnptkMs  of  the  nMichanics  of  tlK:  solar 
system.  Tte  (tevelofsnent  of  the  quantum  ihca^  ami  tte  cmxstruction  of  large 
yefa^ting  telesc<^  in  the  early  pad  of  tiiis  century  made  it  possible  to  obtain  and 
it«**P«A  the  qiosra  of  stars  and  galaxies  and  (tetennine  their  ccmpositions  and  moctel 
their  evolutkm. 

The  fMce  of  discovoy  that  charactorizcd  the  first  half  of  this  ccnniry  will  accelerate 
daiiM  ttic  i^t  several  <fec«Ies.  H«  opening  up  of  the  s^mx  wimtows,  ctevdoiwKnts 
in  particle  lAysk^,  ami  tfie  ccmstruction  of  a  xw  generatkNi  of  giam  oj^al  and 
infrm^  telescopes  will  pomit  astzonmnors  to  crfiserve  directly  [diwiKmiena  lelaied  to 
the  cwlutiooajy  pocess^  of  stars,  otter  solar  sysiems,  galaxies,  and  the  universe 
itself. 

The  enonmnis  cqiponunitks  in  a^rt^ysical  research  have  been  lecognim!  by 
incteased  investnsMSs  in  q>ace  a^^ncMKmiy  by  NASA^  the  Eurc^pean  S^ncx  Agency,  and 
J^pan,  by  expan»on  of  university  pit^^  in  astiommy  tfanm^iout  the  U,S,,  and  by 
an  acceteimed  pmx  of  ccmstnKr&m  of  new  groundbased  fK^ttks  by  the  &in>pean 
tm&om  md  Japaa  Tte  recent  jpatteni  of  iomracticm  of  fimfing  for  NSF-suppmcd 
gxoumlfaased  astnmcmiy  stands  in  starfc  ccF<trB^  lo  the  enhanced  activity  in  o&cr 
ccwntiies*  If  we  in  the  U.S.  are  to  cmuinue  to  re^  die  full  benefits  <rf  our  investment 
tn^woe  astronomy,  it  is  »5«itial  to  revitalize  the  NSF  ^oumS^ased  astronomy 
program.  The  ne^ls  of  groundbased  a^nuxmy  «mWi  be  met  if  the  astnHiomy  budget 
were  to  share  {n^c^xyrtiomuely  finom  now  on  in  the  ircrcasc  in  flie  overall  NSF  budget 
that  has  been  pxi^osed  fm  the  Mxt  five  years. 
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BIOGRAPHY 
Sidney  Came  Wolff 

5.!^^  received  her  B.A.  degree  in  Astronomy  magna  cum  loude  from 

Cartoon  College  m  NorthfieW,  Mimiesota  in  1962  and  her  Ph.D.  degree  fiom  tbe 
l^tiivm^^f  eaUfomw  at  Berkeley  in  1966.  She  also  received  an  Bonwaiy  D.Sc 
from  Carietoa  CoU^  in  198S, 

After  ^JOJdii^inm!  moadis  in  a  post  doctoral  pMition  at  Uck  Obscrvaiory  at  the 
UdvetMty  of  California,  Santa  Cruz,  Dr.  Wolff  joined  die  feculty  of  Ok  tesiitute  for 
t!^*°^^  5*  V'"^'^  *^  "  Septemtjer.  1967.  Hawaii  was  m  tbat  time 

M^umrng  tbe  devdc^XMat  of  m  astronnnicall  crt»ervaioiy  at  tbe  summit  of  Mauoa 
Kea.  whidi  at  u  altttude  of  nearly  13,700  feet  is  the  higfaest  mountain  in  the 
Haw^i^mb.  Althoogh  th«      ooosideraWc  doubt  m  the  time  alxnit  tlie 
KasiMbty  of  coasting  coaqdex  <^KefvaK»ies  at  so  high  an  altitude  (Mauna  Kea 
lonaiM  at  hi^t  pomanem  astrooomica]  obsovaicHy  in  tbe  wv»ld),  tbe  pkMMerine 
"^^y^y^^  °^  MtncmwMTs  c^y  esaaUished  tiiis  site  as  the  best  in 

t^  wwld  for  (^Nical  skI  infrared  mxwsmy.  Mauna  Kea  now  lK»ts  mem  laree 
tttescc^  tttm  any  other  siw^  ^ 

Krectw  and  as  Acting  Director  of  the  Institute  for 
A^oomny,  Dr.  yfdff  aocqired  the  positkm  of  Director  of  Kitt  Ptak  NatiwMl 
S^!2SL"?L^®?if!*  of  Ac  National  Optical  Astronomy  Obscrvatoiies 

msqitenber.  1984.  She  thus  became  tbe  fim  woman  to  bead  a  major  astrooomica] 
S[S)[!f?liL*f^AHS?i^^  ^8B«  1987  she  was  appointed  Director  of  the 
NaOOTal  Qptiral  Astraoomy  ^servatones  (NOAO).  the  orpnizAimi  responsible  for 
operetta  National  Solar  Observaioiy.  Ceno  Tololo  Inter-American  Oratory, 

IZ^55l??^??*^9^"°^'  FuaJs  fior  opaadng  diese  thice  obsCTvawrws  are 
|mn^(M^tbe  Nmonal  Sc«»ce  FoutKMoii  dm^ig^  a  contrKt  wiA  tl»  Association 
of  UmversftiCT  for  Research  in  Astronomy  (AURA),  which  also  operates  the  Space 
Tetescqie  ScietK.  <astitute  Cw  NASA.  *^ 

l>.  Wdff  is  best  known  fx  her  research  on  steOa  evc^utiaa,  ce«np<^timi,  activiiv 
md  aenoqAcnc  anictnre,  and  hu  iwMisted  more  thai  70  technical  nmers  and  Jot 
WK*  in      ar^  of  qxdalizaticsi.  She  is  also  co-auflw  of  two  of  the  teJctixxAs 
nwst  widdy  used  m  inirodiK^sy  aslronwny  courses  at  *e  coltege  leve)  and  has 
receoUy  ramplettd  the  nunuscript  for  a  third  text,  which  is  designed  ta  make  the 
results  of  modem  astronomy  accessiUe  to  the  noo-scieaist 
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Mr.  Walgren.  Thank  you,  Dr.  Wolff. 
Dr.  Hagfors? 

STATEME5NT  OF  DR.  TOR  HAGFORS,  DIREITTOR,  NATIONAL 
ASTRONOMY  A.<D  IONOSPHERE  CENTER 

Dr.  HAoroRS.  Mr.  Chairman,  honorable  Members  of  Congress,  I 
am  very  grateful  for  this  opportunity  to  testify  on  the  questions 
posed  by  the  subcommittee  chairman  in  his  letter  of  invitation  of 
February  16. 

Tho  opportunity  is  particularly  welcome  in  view  of  the  crisis 
which  has  developed  due  to  the  current  lean  funding  of  astronomy. 
This  crisis  has  been  allowed  to  develop  at  a  time  when  the  rate  of 
new  discoveries  and  insights  in  astronomy  is  at  a  peak  and  the  po- 
tential opportunities  for  further  advancement  in  the  field  are 
brighter  than  ever. 

Before  proceeding  to  answering  the  questions,  Mr.  Chairman,  I 
wish  to  caution  you  that  the  Arecibo  Observatory,  which  we  oper- 
ate *n  Puerto  Rico  and  which  I  represent,  is  different  from  our 
sister  observatories.  Although  radio  astronomy  is  our  m^or  pro- 
gram, we  also  do  radar  r^earch.  Such  radar  technique  are  used 
both  in  solar  system  exploration  and  investigation  o/  our  atmos- 
phere. 

Whereas  our  radio  astronomy  activity  is  supported  by  the  NSF 
Astronomy  Division,  the  solar  system  radar  program  receives  some 
support  fix>m  NASA,  and  the  atmospheric  pn^am,  from  the  NSF 
Atmospheric  Science  Division.  My  personal  researdi  experience  is 
primarily  in  the  radar  astronomy  and  the  atmospheric  »:ien(^ 
pn^ram. 

Let  me  first  address  the  first  qu^tion  you  proposed,  Mr.  Chair- 
man, objectives  of  the  proporfed  NSF  fiscal  year  1990  astroi  -my  re- 
search prc^fram.  The  Objectives  of  the  NSF  astronomy  prc^ram 
appear  to  be  to  continue  as  in  the  past  with  the  funding  of  the 
three  National  Observatories  and  tne  gmnts  program.  For  the 
grants  program,  there  is  a  request  for  an  increase  above  the  level 
of  the  division,  and  for  the  three  National  Observatories,  there  is  a 
request  for  an  increase  of  only  3  percent,  which  amounts  to  a  net 
decrease  in  operational  funds. 

This  is  a  reflection  of  the  overall  funds  available  to  the  Astrono- 
my Division,  which,  incidentally,  is  doing  worse  than  the  social  sci- 
ences, as  we  heard  earlier  today.  The  increase  for  the  Astronomy 
Division  has  been  significantly  slower  than  the  allocation  increase 
for  the  Foundation  as  a  whole. 

This  continues  a  downward  detrimental  trend  which  has  been 
going  on  for  several  years,  I  welcome  the  increase  in  the  grants 
program  above  the  level  of  the  division.  The  research  conducted  at 
universities  with  student  participation  under  this  program  is  done 
better  in  this  country  than  elsewhere,  and  is  one  of  the  most  valua- 
ble assets  of  U.S.  science.  The  lack  of  funds  for  the  National  Ob- 
Liervatori^,  however,  fieeds  back  natively  into  the  university  pro- 
f  .rams  when  the  Observatorira  are  unable  to  provide  the  ol»erving 
'.'adliti^  required  by  the  gx^ts  recipients. 

Let  roe  now  turn  to  the  adequacy  of  support  in  the  light  of  na- 
tional and  international  effort.  It  is,  in  my  opinion,  unlikely  that 
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the  United  States  can  continue  to  play  a  leading  role  in  every  field 
c€  astronomy-  I  believe  those^  fields  should  be  pursued  where  the 
country  can  make  a  truly  uniques  contribution.  This  is  clearly  the 
case  with  the  Hubble  telefi«3ope,  with  the  VIA,  the  VLBA,  and  with 
the  radio  and  radar  astronomy  prc^^rams  in  Arecibo. 

In  all  of  these  cases,  there  is  no  serious  international  competi- 
ticm,  not  even  on  the  horizim*  It  is  quite  cl€»r  all  of  tt^jse  facilities 
will  be  in  increasingly  heavy  demand  with  the  ambitious  plans  for 
NASA  to  support  one  to  two  astrophysics  miraions  per  year  and 
with  the  plans  of  the  Japanese  and  the  Europeans  for  aocelerated 
activity  in  astronomy  both  in  space  and  from  the  ground. 

I  am  not  sufficiently  familiar  with  the  situation  in  the  optical 
wavelength  region.  There  appear  to  me  to  be  very  good  arguments 
for  a  new  8*meter  telescope  in  the  United  States,  but  the  case  is 
somewhat  clouded  to  an  outsider  when  it  is  realized  that  8-meter 
telescG^)es  are  being  built  or  planned,  one  by  the  Japanese,  four  by 
the  Europeans,  in  addition  to  privately  fman<^  telescopes  of  the 
same  class  in  the  United  Statra,  such  as  the  Keck,  and  those  of  sev- 
eral university  conmrtia.  Means  should  be  anight  whereby  NSF 
supports  these  efforts  in  return  for  some  form  of  general  access  to 
the  facilities  by  the  astronomy  commuinity. 

I  believe  there  are  good  reasons  tor  continuing  technolc^  devel- 
opment in  radio  and  ofytical  telcstcoix^  design,  and  for  pursuing  such 
alternatives  as  optical  interferometiry  with  sophisticated  image  cor- 
rection techniques.  Failing  such  development,  the  United  States 
will  no  longer  be  a]>le  to  collaborate  on  the  same  level  as  our  poten- 
tial partners. 

Let  me  now  turn  to  the  contribution  of  astronomy  to  the  ad- 
vancement of  other  fields. 

My  colleague  from  NRAO  has  produced  in  his  de{imition  a  splen- 
did ust  of  the  impact  of  radio  astronomy  on  the  design  of  receivii^ 
systems,  data  recording,  imi«e  rrartoration,  et  cetera.  His  comments 
amily  equally  well  to  the  NAIL  contribution* 

I  have  also  in  my  deposition  made  a  fairly  lengthy  list  of  addi- 
tional contributions,  pnmarily  in  the  radar  Held,  that  our  astro- 
ncanical  activity  has  brought  about 

I  would,  however,  like  to  turn  to  the  maybe  most  important  con- 
tribution, in  my  opinion,  of  astronomy  to  other  fielcCs,  and  that 
comes  from  its  educational  role*  There  is  a  critic^  shortage  of  well-^ 
qualified  young  U*S.  students  in  engineering,  mathematics,  and  the 
physical  sciences.  In  jmrt,  I  believe  this  stems  from  a  perception 
among  young  students  that  these  fields  are  boring,  uninspiring, 
and  unexdting. 

Astronomy  has  very  high  visibility— new  astronomical  di«x>ver- 
ifis  ai^iear  m  the  pre»  nearly  every  day — and  has  considerable 
public  am)eal.  l^e  Arecibo  Observatory,  for  instance,  re(»v€S  as 
many  as  ck),CKK)  public  visitors  per  y^^.  Astronomy  does  not  appear 
to  have  the  same  stigma  as  engii^ring  and  the  other  physical  sd- 
€»}ce8  to  students  and  may  play  a  cruciai  role  in  enticing  youiig  stu- 
^nts  into  engin^ring  aiui  the  physical  sdenras  fields. 

Let  me  turn  to  tlw  priorities  for  new  astronomical  research  fa- 
cilities. The  qu^ion  is  rather  bro^  in  scope  and  will  ei^tually,  I 
believe,  be  answered  by  another  of  the  d3cennium  survera  conduct- 
ed by  the  field  of  astronomy,  which  is  coming  up«  The  list  of 
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|T^a:ts  has  been  given,  both  by  Dr.  Vanden  Bout  and  by  Dr. 

In  my  personal  opinion— and  it  is  probably  somewhat  tainted  be- 
cause I  am  part  of  the  competition  in  this  case  for  NSF  funds  for  a 
particular  program— but  I  believe  that  the  highest  priority  must  be 
attached  to  the  completion  and  the  placing  into  operation  of  the 
VLBA.  This  important  pn^fram  has  been  progressing  much  too 
slowly,  making  it  more  expensive  than  necessary,  wasting  the  in- 
vestment by  keeping  idle  the  partly  completed  facility. 

I  also  believe  that  the  GONG  project  ought  to  be  given  very  high 
priority  because  it  seems  to  me  to  be  of  extreme  interest  to  astrono- 
my, to  study  close-by  stars  the  way  it  is  being  done. 

NKAO  has  developed  plans  for  a  large-miUimeter  array.  From  an 
astronomical  point  of  view,  there  is  much  to  be  recommended  by 
such  an  enterprise,  and  I  think  that  in  the  more  distant  future  con- 
siderable weight  should  be  given  to  that. 

The  Arecibo  upgrade  will  provide  very  significant  improvements 
in  the  performance  of  an  already  unique  facility.  There  is  no  com- 

Setition  in  sensitivity,  and  there  is  no  evidence  of  any  plan  for  a 
uplication  of  even  the  present  performani^  of  the  telescope  any- 
where. There  is  enough  interest  in  NASA,  incidentally,  in  the  plan- 
etary program  and  in  the  SETI  community,  for  the  upgraded  Areci- 
bo telescope  for  NASA  to  offer  to  pay  half  of  the  m  mUlion  re- 
quired to  complete  the  ungradcs. 

For  an  mv^tment  by  NSF  of  $10  million,  it  could  ensure  that  a 
truly  unique  astronomical  facility  would  remain  so,  at  least 
through  the  end  of  this  century.  At  the  risk  of  sounding  biased,  I 
consider  this  the  best  bargain  of  all  the  facilities  under  consider- 
ation. 

The  3(M>-foot  replacement  is  important  to  the  community.  U.S.  as- 
tronomy has  suffered  a  loss  in  observing  opportunity  as  a  result  of 
the  collapse.  The  full  declination  o>vered  by  the  3()0-foot  cannot  be 
observed  by  Arecibo,  upgraded  or  not,  and  the  loss  of  the  30(Kfoot 
telescope  lc«ves  a  void. 

The  planned  100-meter  antenna  will  replace  these  capabilities 
and  add  many  more,  all  worthwhile.  My  main  concern  is  the  cost 
of  this  telracope,  which  could  have  very  important  implications  on 
the  astronomy  prc^raro. 

Finally,  a  comment  on  the  NSF  research  and  educational  pro- 
gram in  astronomy.  The  NSF  astronomy  prc^am  is  highly  produc- 
tive and  effective,  and  the  rate  of  new  discoverira  and  realizations 
are  steadily  increasii^  as  a  result  of  new  instrumentation,  compu^ 
ers,  and  the  hard  work  of  astronomers.  As  a  scientific  discipune, 
astronomy  has  been  highly  successful,  possibly  more  so  than  any 
other  one. 

The  public's  image  of  and  interest  in  astronomy  are  very  positive 
and  vivid-  Astronomy  provides  one  of  the  most  fertile  fields  for  the 
education  of  students  of  engineering  and  the  natural  sciences, 
whether  the  student  aims  for  a  career  in  astronomy  or  not. 

Yet,  in  spite  of  this  success,  the  Nl^  as^nomy  budget  has  de- 
clined ngnificantly  in  real  terms  over  the  last  several  yeare.  and 
ths  in  spte  of  a  general  increase  in  iiinding  d  the  Foundation  as  a 
whole.  Astronomers  must  consider  themselves  i^riahs  within  the 
Foundation,  and  undewrvedly  so. 
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I  end  my  deposition  to  this  subcommittee  by  pleading  for  positive 
suroort  fcH*  astronomy,  which  it  <kserves  and  needs. 
Thanks  again  for  this  oi^rtunity. 
[The  prepared  statement  of  Dr.  Hagfors  follows:] 
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Statnant  by  Tor  tUgfors 

DiriMitor*  Mfttlonal  Aacronowy  and  Xotiosphere  Center 


Mr  ChalrMfi,  Honorable  Keiphcra  of  the  House 

I  aa  grateful  for  thla  opportunity  to  testify  on  the  queations  poaed  by 
SidJcoaaittee  Chairwan  tfalgren  in  his  letter  of  invitation  of  February  16. 
Tha  opportunity  ia  particularly  iielcoae  in  vie*  of  the  crisis  lihich  haa 
devalopod  due  to  the  current  lean  fiimling  of  astronwiy.    This  criaia  haa 
bean  alloimd  to  develop  at  a  tisw  when  the  rate  of  new  discoveries  and 
inalghta  in  aatronooy  ia  at  a  peak  and  the  potential  opportunltlea  for 
further  advAncesent  in  the  field  are  brl^ter  than  ever. 

Before  proceeding  to  anairerlng  the  questions,  Mr  Coalman,  I  vlah  to 
caution  you  that  the  Areclbo  (Hiaervatory,  idilch  we  operate  In  Puerto  Rico, 
and  which  I  repreaent,  la  different  frws  our  sister  observatories. 
Although  radio  aatronoay  is  our  aejor  progran,  we  are  not  always  content  to 
wait  for  photons  created  by  nature  to  arrive,  but  create  our  own,  send  thaa 
toward  bodies  In  our  solar  systea,  and  watch  for  their  return.    Such  radar 
techniques  are  uaed  both  In  aolar  ayatess  exploration  and  In  Invaatlgatlon 
of  our  own  ataosj^re.    I^ereaa  our  radio  astronoarff  activity  la  supportad 
by  the  HSF  Aatronoay  dlvlalon,  the  aolar  ayatoa  radar  program  recelvos  soae 
support  froa  NASA,  and  the  ataciapherlc  prograa  fr«  the  RSF  Ataospherlc 
Scleras  Division,    ffy  peraonal  research  axperlense  is  priaarlly  In  the 
radar  aatromay  ami  the  ataos|^erlc  sciences  programa. 


Obtactlves  of  the  Proposed  MSF  FY  1^90  Aatronoay  Itiin^arch  Pro|raa 

The  objectives  of  the  HSF  astronoay  prograa  appears  to  be  to  continue  as 
I    the  past  with  the  funding  of  the  three  natlomil  observatorlea  and  the 

m':b  prograa.    For  the  grants  prograa  there  is  a  request  for  an  Increase 
*M>ov«  the  level  for  the  Division,  and  for  the  three  national  obaervatorles 
there  la  a  requeat  for  an  Increase  of  thraa  percent,  which  aaounts  to  a  iwt 
decrease  In  operational  funda.    This  Is  a  reflection  of  the  overall  funds 
available  to  the  Aatronoay  divlalon,  «d)lch  have  been  Incraaalng  at  a 
significantly  slower  rata  than  the  allocation  increase  for  the  Foundation 
as  a  whole.    Thla  contimiea  a  «;U7wnward  datrlaental  trend  which  has  been 
going  on  for  several  yaara.    1  welcosM  the  increaae  in  the  grants  prograa. 
thm  reaearch  conducted  at  unlveralties  vrlth  atudent  i^rtlclpation  uxuiar 
thla  progrm  is  evm  better  In  this  country  than  elsa^era,  and  la  one  of 
the  aoat  valuable  aaaeta  of  US  aclence.    The  lack  of  funds  for  the  IVatlonal 
Observatorlea.  hotmver,  feeds  back  negatively  Into  the  university  pi.r2^»« 
lAien  the  ^ervatorles  are  unable  to  provide  the  observing  facilities 
required  by  the  grants  recipients. 

This  scarcity  of  funda  coaea  at  a  tlae  when  the  opportunities  for 
exciting  research  In  astroncn^  are  abundant.    The  aearch  for  thiae  rei«ianta 
of  supernova  exploalona,  pulaara  contimiea,  and  objecta  %^ae  properties 
wore  never  anticipated  are  being  found.    Pulaara  proaise  to  provide  toola 
for  Inveatlgaclofi  of  fundaamntal  gravitational  theories  in  physics,  to 
provlda  ciaa  referencea  and  aake  available  eaitting  aources  allowing  for 
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new,  tn^eard  of  Investigations  o£  the  Interstellar  aedlua.    It  coaes  at  a 
tlM  whan  serious  doubts  have  arisen  ^>ouc  the  Mchanisffl  of  solar  neutrino 
aaisalons.    It  cooies  at  a  tine  when  there  Is  a  need  to  deteraine  i^t  inakes 

the  90  to  99%  vlssing  or  Invisible  vass  of  the  universe.    It  coaes  ctt  a 
tia»  t^n  su|>erclua taring  of  galaxies  are  being  observed  ami  needs  to  be 
aaiplained . 

Nev  inatruaentatiou  such  as  CCD  detectors  is  becoaing  available,  the 
Hubble  telescope  is  about  to  be  launched,  the  Hegelian  aission  to  Venus 
will  be  on  the  vay  soon,  there  will  be  infrared  ami  X-ray  telescopes 
available,  and  the  Europeans,  the  JapwM^se  and  the  Soviets  are  launching 
antennas  for  Very  Long  Baseline  Interferoaetry  froa  space,  providing  ever 
increasing  angular  resolution.    The  Very  Long  B  aseline  Array  (VLBA)  is 
slowly  being  conpleted,  and  the  lack  of  operating  funds  for  this  wonderful 
and  unique  instrtSMsnt  is  threatening  its  existence.    The  CONG  project, 
idiiich  can  have  such  consequences  for  our  understanding  o£  solar  physics,  is 
being  coapleted  at  a  snail's  pace.    The  objectives  for  the  Division  shmild 
be  to  support  a  group  of  programs  which  are  truly  uniqua  on  a  national  and 
International  scale. 

The  high  activity  in  astronoisy  within  NASA,  with  private  US  funding  and 
abroad  under  govemiM^nt  auspices  will  create  a  deaand  for  astronoaers  to 
take  advantage  of  the  opportunities,    NSF  as  the  primary  source  of  funding 
for  the  education  of  astronooers  needs  to  be  able  to  Increase  its  support 
of  astronoay,    Now  is  not  the  tlae  to  decrease  funding  in  this  field. 


fdequ/^cy  of  Suppert  in  the  Light  of  National  and  Intematlcmal  Effort 

It  Is  unlikely  that  the  US  can  continue  to  play  a  leading  role  In  every 
field  of  astronoay.    I  Relieve  those  fields  should  be  pursued  «diers  the 
country  can  sake  a  truly  unique  contribution.    This  is  clearly  the  case 
with  the  Hubble  telescope,  vith  the  VIA  and  the  VLBA  and  with  the  radio  and 
radar  astronoisy  programs  In  Areclbo,     In  all  of  these  cases  there  is  no 
serious  International  coi^etitlon,  not  even  on  the  horizon.    It  is  quite 
clear  that  all  of  these  facilities  will  be  in  increasingly  heavy  deaand 
wiUi  vhB  aabitiotss  plana  for  KASA  to  support  one  to  two  astrophysics 
missions  par  year,  and  with  the  plans  of  the  Japanese  and  the  Europeans  for 
accelerated  activity  in  astrunoay  both  in  space  and  froa  the  ground, 
I  aa  not  sufficiently  faailiar  with  the  situation  in  the  optical  wavelength 
region.    There  appears  to  be  very  good  arguaents  for  a  new  8  a  national 
telescope  in  the  US,  but  the  case       clouded  to  an  outsider  when  it  is 
realized  that  8  m  telescopes  are  being  built  or  planned,  one  by  the 
Japanese,  four  by  the  Europeans,  in  addition  to  privately  financed  tele* 
scopes  of  the  saae  class  In  the  US,  such  as  the  Keck,  and  those  of  several 
university  consortia.    Means  should  be  sought  whereby  NSF  support  these 
efforts  in  return  for  some  fora  of  gerairal  access  to  the  facilities  by  the 
astroncray  coaminity.    I  believe  there  are  good  reasons  for  continuing 
technology  develr»paent  In  radio  and  optical  telescope  design,  and  for 
pursuing  such  alternatives  as  optical  interferoaetry  with  sophisticated 
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luge  correction  technlqiNis .    Falling  auch  developflMnt  the  US  will  no 
longer  be  aJble  to  collaborate  on  the  aaM  level  aa  our  i>otentlal  f^rtnere. 

There  mMy  be  advantagea  to  ouch  cloaer  international  cooperation  In  the 
conatnictlon  of  large  and  expenalve  aatronoay  facilities.    The  Europeans 
have  taken  the  cot^equencea  of  this,  idiereas  tiie  US,  by  and  large,  has 
shunned  international  cooperation  for  the  construction  of  ground-based 
facilities.    I  believe  that  such  cooperation  ahould  be  vigorously  en- 
^^^•^^  in  order  to  red^e  the  coat  of  Manlngfully  staying  in  the 
eaCroxMy  gave.    So«e  nechanisa  should  also  be  soU|^t  for  US  participation 
in  <to\rel<^ing  progress  such  as  apace  Vijai. 

E'^n  with  the  savings  that  mig^t  accrue  froa  international  cooperative 
progrsaa  it  is  necessary  to  have  realistic  budgets  vhich  clln^  at  least  at 
the  rate  of  inflation.    If  not,  the  US  will  not  even  be  an  attractive 
partiwr  in  international  cooperation  In  astronoay. 

NAIC  has,  together  with  tl^  other  observatories,  experienced  a  steady 
decline  in  operating  funds  since  I98h,  see  the  Appendix  for  details.  We 
have  lost  151  of  the  staff,  and  have  had  to  abancton  activities  such  as  the 
develoiwwnt  of  fast  digital  data- taking  devices,  and  reduce  to  nearly  zero 
the  new  development  work  on  low  noise  receivers  and  antennas  in  order  to  be 
able  to  continue  the  day-to-day  operation  of  the  (»»servatory .    This  is 
excreaely  unfortunate,  because  it  is  un<ter  conditions  of  an  liasedlate  need 
fOiT  new  technological  develof^nt,  such  as  Is  always  the  case  in  astronossy, 
that  the  necessary  incentives  exist  for  true  innovaticn.    The  funds 
available  for  renewal  of  equiprcnt  have  been  so  scarce  in  NAIC  that  soae  of 
the  equlfMMnt  in  daily  use  Is  aore  than  25  years  old,  causing  alrth  In 
visitors  frcw  abroad,  aiKi  sM»lancholy  in  us  who  must  live  with  It. 


Cmtrlbutlon  of  Astronoav  to  th#i  Advanc«Mnt  of  other  Plelda 

fty  colleagiM  froB  MM  has  prodmed  a  splendid  list  of  the  lapact  of 
radio  astronoay  on  the  design  of  receiving  systeits,  data  recording,  image 
restoration,  tlae  and  frequency  standards  and  reaote  sensing,  and  It  serves 
little  purpose  to  repeat  any  of  his  discussion.    His  conents  certainly 
cover  aoat  of  the  HKIC  cwjtributlons,  and  more. 

I  shall  Interpret  astronoay,  as  it  is  practiced  in  Areclbo,  in  a  wider 
sense  to  also  include  the  radar  investigations  both  of  distant  solar  systea 
bodies  and  of  our  own  planet,    A  nonexhaustive  list  of  contributions  froa 
this  work,  unique  to  Areclbo,  to  other  fields  follows: 

*  Tests  of  general  relativity  predictions  froa  the  rate  of  orbital 
slowdown  in  binary  millisecond  pulsars, 

*  I^roveaent  In  understanding  of  the  properties,  the  geology  and 
history  of  planetary  surfaces,  surfaces  of  satellites,  asteroids 
and  coaets. 
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*  Radar  wasurenenta  of  the  absolute  distances  to  the  nearby  planets 
enabled  the  successful  targeting  of  the  early  planetary  spacecraft. 

*  Radar  sapping  techniques  developed  for  aaceliltea  md  planets  are 
identical  to  techniques  used  in  sldelooklng  S3aithetlc  aperture 
radars. 

*  Techniques  used  In  t orography  were  developed  for  the  aapplng  of  the 
lunar  surface. 

*  Detection  schemes  developed  in  radar  &stron(»iy  find  application  to 
ultrasonic  measure^nts  of  flov  patterns  In  blood  vessels 

*  Radar  observations  of  the  aoon  and  Kars  were  used  In  the  selection 
of  spacecraft  landing  sites. 

^    C^servatlon  of  saall  scale  space  debris  is  being  made  In  support  of 
the  Space  Station  Froject. 

*  Radar  observations  of  snail  earth- approaching  asteroids  provide  the 
best  Means  of  precisely  determining  their  orbits  and  assessing 
whether  they  pose  any  threat  to  our  planet. 

*  Radar  observations  give  data  on  the  bulk  composition  of  asteroids 
and  is  of  inportance  in  determining  the  feasibility  of  mining  on 
asteroids . 

*  Radar  observations  of  the  dynamics  of  the  troposphere  and  strato* 
sphere  helps  determine  di ft us ion  rates  and  hence  the  speed  of 
distribution  of  pollutants. 

*  Radar  studies  of  induced  ionospheric  instabilities  help  us  under- 
stand related  instabilities  in  Inertlally  confined  laser  fusion. 


Kaybe  the  most  Important  contribution  of  astronomy  to  other  fields  1 
feel  cows  froa  its  educational  role.    There  is  a  critical  shortage  of 
well  qualified  young  US  students  in  engineering,  vathesatlcs  and  the 
physical  sciences.    In  part  I  believe  this  stems  from  a  perception  amoi  g 
young  students  that  these  fields  are  boring,  uninspiring  and  unexciting. 
Astronomy  has  a  very  high  visibility,  new  astronoiBlcal  data  appear  in  the 
press  niearly  every  day,  and  has  considerable  public  appeal.    The  Areclbo 
Observatory,  for  instance,  receives  as  many  as  60,OuO.  public  visitors  per 
year.    Astronomy  does  not  appear  to  have  the  same  stigiaa  as  engineering  and 
the  other  physical  sciences,  and  may  play  a  crucial  role  In  enticing 
students  into  engineering  and  the  physical  sciences  field. 
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FrlQritt#«  for  nmw  Aatnmoatgiil  Ra«c*rch  Facllitl^a 

TKia  quMtlon  la  r«ttor  broad  in  Acope,  and  ifill  eventually  ba  ansmrad 
by  anotl&ar  of  tha  aurvaya  cooductad  by  tha  f laid  of  aatroiK>«y  avory  ten 
yaara.    temg  tha  projacta  i^ich  hava  baan  plannad,  proposed  or  ara 
underway  with  tha  a%^>port  of  NSF  ara  tha  8  m  optical  telaecope,  tha  NRAO 
1         "i.^^JS;  ^  ^  Araclbo  upgrades,  tha  VLBA  conatructlon.  and 

lately  thm  300'  raplacoMnt.    As  I  Aa  clearly  persoi^lly  directly  Involved 
In  tiia  ranking  of  tl^sa  projacta,  I  muit  warn  the  cotmltcea  nao^rs  that  ay 
viawa  aay  be  tainted.    Thla  having  bean  said,  here  ara  ay  personal  views: 

I  believe  tha  highest  priority  sMst  ba  attached  to  the  coapletlon  and  the 
placing  Into  operation  of  tha  VLBA.    This  laportant  program  has  been 
progressing  »ich  too  slowly  wking  it  more  expansive  than  necessary , 
waatlng  tha  Investaent  by  k^ping  Idle  the  partly  co«pleted  facility.  The 
iiuaatlon  of  operating  funds  for  this  facility  loras  and  must  ba  resolved  by 
m  In^reaae  in  tha  Division  funding.    Ihe  VLBA,  as  currently  conceived, 
will  ba  a  truly  imlque  Inatruaert,    During  the  next  10  years  slailar 
Inatruaenta  will  probably  ba  developed  elsewhere  as  well. 

Although  the  project  is  outsld%a  ay  field  of  cosipetence,  I  believe  that  the 
GONG  project  Is  of  extreae  Interest  to  astronTsiy.  and  that  every  effort 
should  be  aade  to  co»plete  It  expeditiously, 

X  aa  a  little  aorc  in  doubt  on  the  8  a  optical  telescope,  slaply  because 
such  a  national  telescope  will  not  be  unique,  in  the  US  or  internationally. 
I  fall  to  aae  that  it  la  lapoaslbla  for  NSF  to  buy  into  some  privat«  or 
foreign  telescope  consortlua  In  order  to  acquire  the  pfirtisl  use  of  ,ate 
of  the  art  telescope  In  that  class  for  the  coaaunlty.    I  also  feel  that 
SQAO  ahould  strive  for  a  truly  unique  optical  telescope  at  the  cutting  edge 
of  technology,  and  that  technical  developaent  to  achieve  this  goal  should 
be  aupported. 

MRAT  has  developed  plana  for  a  large  m  array.    Proa  an  astronoaical  point 
of  view  there  is  ouch  to  recommS  such  an  enterprise.    There  are  two  saall 
an  arrays  In  existence  already  at  Cal  Tech  and  Berkeley,    The  Center  for 
Astrophysics  Is  building  a  aa  array.    The  Japanese  are  expanding  their  aa 
array  In  Nobeyraa,  and  IRAM  is  building  such  an  array  In  Europe.    If  such  a 
aa  array  la  to  be  built.  It  is  ay  belief  that  there  ought  to  be  consolida- 
ticm  In  effort  to  ensure  that  there  is  little  or  no  duplication  and  to  make 
it  possible  to  build  a  truly  outstanding  and  unique  facility,  possibly  with 
international  cooperation. 

The  Araclbo  upgrade  will  provide  very  significant  Improvements  in  the 
perforMnce  of  an  already  unique  facility.    There  is  no  coapetitlon  In 
senaiclvlty,  and  there  la  no  evidence  of  any  plan  for  a  duplication  of  even 
tha  present  perforwance  of  the  telescope  anywhere.    There  is  enough 
intereat  in  the  NASA  planetary  progran  and  in  the  SETI  coaaunlty  for  the 
upgrade/  Araclbo  for  NASA  to  offer  to  pay  half  of  the  $20M  required  to 
collate  the  upgrades.    For  an  Invaataent  by  KSF  of  51W!  It  could  ensure 
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Chat  II  truly  unique  astronoalcal  facility  w<ml4  reaaln  so  at  least  throu^ 
tha  and  of  this  century.    At  the  risk  of  soimding  biased  I  consider  this 
the  best  bargain  of  all  the  facilities  under  conr.lderatlon. 

The  3C0*  replaceawnt  Is  iA|iertsiit  to  the  c<mmmity.    US  astmnMy  has 
suffered  a  loss  In  observing  opiK>rtunltles  as  a  result  of  the  collapse. 
The  full  declination  range  covered  by  ttm  300'  casurwt  be  (^served  by 
Areclbo,  upgraded  or  SHit,  ami  the  loss  of  the  JW*  leaves  a  vold«  The 
planned  XOO  is  antenna  will  replace  these  capabilities,  and  add  oany  more, 
•11  well  liorUndille.    The  cost  of  the  replacesient,  $75M«  Is  ay  sain 
cm:em«    If  the  funds  requlnd  to  construct,  and  to  operate  this  telescoi^e 
effectively  ccwi  out  of  the  NSF  aatroimr^  budget  to  the  detriment  of  other 
progr^,  Bsny  of  which  will  have  to  be  killed,  the  priorities  In  astrono«y 
vlll  be  set  not  by  careful  and  considered  discussions  aaong  astroncmers, 
but  by  the  freak  accidental  collapse  of  a  telescope,  and  1  vould  not  be  In 
favor.    If,  on  the  other  hand,  the  funds  for  the  100  m  are  true  add-ons  to 
the  astronoay  prograv,  then  X  t^holeheartedly  si^>port  the  project. 


CciMent        thf         pesg/^rch  and  Edwyatlonal  Pro^aa!  in  Astronofflv 

The  HST  astronoay  prograot  Is  highly  productive  and  effective,  and  the 
rate  of  new  discoveries  and  realizations  ai-e  steadily  Increasing  as  a 
result  of  new  InstruFrntation,  coaputers  and  the  hard  work  of  astronomers. 
As  a  scientific  dl^^lpllne  astronoay  has  been  highly  successful,  possibly 
acre  so  than  any  cjher  one.    The  public's  Intage  of  and  Interest  in  as tron* 
osy  are  very  positive  and  vivid.    Astronoisiy  provides  one  of  the  most 
fertile  fields  for  the  education  of  students  of  engineering  and  the  natural 
•clencea«  whether  the  stuitent  alias  for  a  career  In  astronoiay  or  not.  Yet, 
In  spite  of  this  success  the  HSF  astronosy  budgets  have  declined  sig- 
nificantly In  real  terss  over  the  last  several  years,  and  this  In  spite  of 
m  general  Ix^rease  In  ftindlng  of  the  Foundation  as  a  whole.  Astronoaers 
iiust  conalder  thenselves  pariahs  within  the  Foundation,  ami  utterly 
undaaervedly  so. 

X  end  sy  depo«^ltlon  to  this  aid»coaaltte  by  pleading  for  the  positive 
support  for  astronoiay  which  it  deserves  and  needs. 

Thanks  again  for  this  opportunity  to  testify  on  behalf  of  the  astronomy 
prograa. 
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THE  ARECIBO  OBSERVATCmY,  A  mOFILE. 

The  Aroclbo  cn>8ervAtory  was  co^Ioted  25  y««r»  ago.    OriglMlly  con- 
coived  a«  m  lonosi^rlc  ohsorvatory  based  on  liKoherent  scatter  technique 
It        soon  real  lead  that  the  C&servatory  also  had  great  potential  both  «8 
a  radio  and  radar  a^troiKoy  facility,  and  the  necessary  flexibility  for 
aatrono^  observations  vas  built  into  the  telescope  systes  fro«  the 
beginning. 

In  1970  the  support  of  the  (H>servatory  was  transferred  froa  DOD  to  NSF 
and  the  current  node  of  operation  as  a  National  cn>servatory  (NAIC)  was 
established.    At  that  tlve  the  original  aesh  reflector  surface  iras  replaced 
by  38,000  solid  panels  vith  noainal  rms  deviation  frcwn  a  sphere  of  3.2  m. 
An  8-band  450  kW    transaitrer  suitable  for  solar  systea  radar  astronoay  war 
installed,  and  est^llahed  the  (Kiaervatory  as  preeainent  in  that  field. 
The  Increased  freqi:eiu:y  coverage  alloired  for  c^sarvatlona  of  neutral 
hydrogen  and  CM  in  our  galaxy  and  in  distant  galaxies.    The  unrivalled 
sensitivity  of  the  (H>servatory  aade  It  the  major  instrtiaent  In  the  world  In 
aany  studies  of  hydrogen.  Off  and  pulsars.  The  nearly  explosive  increase  In 
users  of  the  C^servmtory  following  the  surface  upgrading    reflects  the 
enorMus  increase  Ir.  observational  opporttmlties  brou^^t  about  by  the 
increased  freijuency  coverage.    The  observatory,  used  by  150  to  200  scien- 
tist annually,  representing  about  70       and  foreifi^  institutions,  operates 
24  hours  a  day.  363  days  per  year.    The  typical  distribution  between  the 
duree  resoarch  fields  is  801  radio  astronoay.  5f  radar  astronoay  and  15% 
ataospheric  science.    A  suoMr  student  prograa   with  5  to  10  participants 
per  year  has  been  in  c^ration  since  1972.    ^ically  five  KiD's  are 
awarded  each  year  on  the  basis  of  observations  aade  at  Arecibo, 

The  telescope  operates  at  8  X/Jansky,  six  times  the  sensitivity  of  the 
now  defunct  SRAO  300'  telescope,  systea  temperature  is  presently  about 

30  K.    The  beaa  can  be  steered  to  20»  froa  the  «enith,  penilttlng  the 
tracking  of  celestial  sources  between  declinations  0*  and  4m'  for  up  to  2.5 
hours.    Sophisticated,  but  scoewhat  outdated,  receiving  ami  data  taking 
equipment  is  available. 

The  users  of  Arecibo  md  the  users  of  the  NRAO  300'  telescope  come  frora 
the  same  scientific  community.    Although  Arecibo  dfl«s  not  cover  the  same 
declination  range  as  the  3(K)' ,  we  expect  aany  of  the  past  users  of  that 
talascope  to  redirect  their  research  Into  projects  which  can  be  studied  at 
Arecibo.    It  is,  therefore,  expected  that  the  pressure  for  observing  time 
St  Ar«cibo  will  increase  as  a  result  of  the  demise  of  the  300' . 
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SOKE  amsm  opesatzc^al  fbobusms  . 

The  avalli^le  operating  funds  hove  been  In  <toclliie  since  1984  (by  6t  In 
current  year  currency).    A  large  fraction  of  the  operating  costs  are  tied 
to  relatively  fixed  operating  costs,  such  as  aalntenance,  powr  and 
cemmlcatlonSf  pe^^onnel  and  Increvental  costs.    Hence,  In  spite  of  a 
staff  reductitm  since  1984  of  15%,  «^lch  has  had  serious  detrlnentsl  Inpact 
on  the  support  of  visiting  scientists,  the  fui^ls  for  equipment  and  con- 
struction have  been  reduced  to  31  of  the  operating  bt^et.    This  does  not 
allov  KAXC  to  keep  the  equlptsent  up  to  date,  and  the  Observatory  can  no 
longer  provide  the  instruaentatlon  required  to  stay  in  the  forefront  of 
astrcNMsay  and  aOBOspherlc  research  and  the  situation  is  particularly 
«ibarrasslng  ^Ak^n  European  and  Japanese  scientists  visit.    Investoent  in 
equlpmut  and  construction  should  be  at  least  101  to  keep  the  Observatory 
healthy.    The  scientific  staff  which  was  once  as  high  as  20,  has  now  been 
re<HM:ed  to  13,  and  a  such  larger  fraction  of  Its  tljDe  is  now  devoted  to 
adslnistrative  tasks  than  ever  before. 


t^PGRADIHG  PUHS. 

Encouraged  by  the  1984  funding  Increase  KAIC  began  to  develop  plans  for 
a  major  upgrading  of  the  Observatory.    A  shield  around  the  periphery  oi  the 
aain  reflector  was  designed  and  a  proposal  was  subisltted  to  NSF*    The  net 
effect  of  this  shield  will  be  to  substantially  reduce  the  systea  noise  of 
the  telescope.    A  reflecting  feed  was  also  designed  to  replace:  the  present 
*leaky  vavegulde"  ^>erratlon  correcting  line  feeds.    The  net  f^ffect  of  this 
new  feed  will  be  to  increase  the  sensitivity  fxom  8  to  12  K/Jansky,  reduce 
the  systes  noise  from  30  to  20  K,  increase  instantanemis  bandwidth  froa  30 
mz  to  several  hundred  and  BK>ve  the  upper  frequency  llsnlt  froa  3  GHz  to  8 
GHz.    The  Increase  In  sensltivi^  of  the  solar  syatea  radar  would  be  by  a 
factor  nore  than  501  (including  a  transalttar  power  doubling) 

Proposals  for  the  two  projects  have  bsiin  subaitted  to  KSF  and  have  been 
pending  for  one  to  two  ye4srs«    KA5A  Is  sufficiently  interested  in  both  the 
radar  astronoasy  ami  the  SETI  targeted  search  capability  to  have  offered  to 
supply  501  of  the  $'/.0H  required.    No  matching  coflsaitisent  has  been  nade  from 
NSF  to  proceed  to  the  construction  phase »  and  there  5s  danger  that  this 
opportunity  for  a  significant  NASA  infusion  of  funds  Into  radio  astronoisy 
may  be  lost. 
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TM  HAGFCMtS 

Biographical  Notes. 

Jot  Hi^f for«  was  bom  in  Oslo,  Norway  on  Decenber  18,  1930  and  received  a 
Eng.  degree  in  A|iplied  rhysics  with  distinction  froa  the  Technical 

University  of  Norway  in  1955,    He  received  his  Ph.D.  in  Wiyslcs  fro«  the 

University  of  Oslo  in  1959. 

From  1955  to  1959  and  fron  1961  to  1963  he  was  a  scientist  at  the  NDRE 
(Nonwiglan  Defence  Research  EstabUshwent)  .    Durir,g  the  period  1959  to  i960 
he  WAS  a  Research  Associate  at  Stanford  University,  California,    From  1963 
to  1967  and  froa  :  *69  to  1971  he  was  a  staff  aen^er  at  the  MIT  Lincoln 
Laboratory,  Massachusetts. 

During  1967  to  1969  he  was  the  Director  of  the  Jlcamarca  Radio  Obser- 
vatory, Llaa,  Peru  and  during  1971  to  1973  he  was  the  Director  of  the 
Areclbo  CAservatory,  Arecibo,  Puerto  Rico.    Fro«  1973  to  198?  he  was 
Professor  of  Electrical  Engineering  at  the  University  of  Trondhelm.  Froa 
1976  he  WAA  also  the  first  Director  of  the  European  Incoherent  Scatter 
Association  (EISCAT),  an  organization  created  by  six  European  research 
councils  for  the  purpose  of  conducting  auroral  research  by  radar  in 
northern  Scandlnavls.    During  the  1980- 1981  academic  year  he  was  at  the 
Max  Planck  Institute  for  Aeronomy  in  the  Federal  Republic  of  Germany, 

In  1982  he  was  appointed  Director  of  the  National  Astronomy  and  Iono- 
sphere Center  and  joined  the  faculty  of  the  School  of  Electrical  Engineer- 
ing and  the  Departaent  of  Astronoay  of  Cornell  University. 

Dr  Hagfors  has  published  nearly  80  scientific  paj^rs  on  plasma  physics, 
conunlcatlon  theory,  antenna  engineering.  Ionospheric  physics,  radar 
aistronooy  and  radio  astronoay  and  is  the  coauthor  of  two  book^. 

He  Is  a  aeadber  of  the  Aaerican  AstroncHslcal  Union,  the  American  Geo- 
physical Union,  a  Fellow  of  the  Institute  of  Electrical  and  Electronics 
Engineers,  a  meaber  of  the  International  Union  for  Radio  Science,  and  a 
nuisber  of  European  professional  societies.    He  was  awarded  the  van  der  Pol 
Cold  Medal  by  the  URSI  General  Assembly  in  July  1987  for  his  major  con- 
tributions to  radar  engineering  and  the  theory  and  experimental  development 
of  the  incoherent  scatter  technique,  and  for  his  work  as  director  of  soae 
of  the  world's  largest  facilities  used  for  incoherent  rcatter  observations. 
In  1989  he  received  the  von  H'liboldt  award  from  the  von  Humboldt  Foundation. 
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Mr.  Walorbn.  Thank  you.  Dr.  Hagfors. 

I  guess  what  is  going  through  my  mind  is,  it  seems  to  be  a  nic« 
case  study  of  how  omstruction  projects  can  orcupy  more  and  more 
of  a  field,  and  that  point  has  been  raised  with  respect  to  the  larger 
SKnence  prc^prams  that  we  engage  in.  To  see  astronomers  feel  like 
they  are  pariahs  wiOiin  the  NSr  may  be  a  forerunner  of  what  the 
rest  of  science  will  have  to  foel  like  when  it  comes  up  and  butts 
heads  with  the  superconductor,  supercollider,  and  other  large  in- 
struction budgets* 

I^t  me  ask  for  comments  on  the  international-American  coopera- 
tion potential.  Dr.  Wolff,  you  are  advocating  the  priority  of  new  do- 
mestic optical  sj'stems,  as  I  understand  it,  and  one  of  the  reasons 
you  do  that  is  because  they  are  doing  p  lot  of  that  in  Europe  and 
elsewhere.  And  yet  you  contrast  that  with  the  areas  where  they 
naay  not  be  doing  things  elsewhere  that  perhaps  we  can. 

How  should  we  approach  that?  Should  we  be  saying,  because 
they  are  doing  that,  we  want  to  join  them,  or  because  they  are 
dmng  it,  we  want  to  do  more  of  it  oura«jlves?  What  is  the  right  re- 
spcmse? 

Dr.  Wolff,  Well,  I  think  that  there  are  certain  facilities  that  are 
such  l:»sic  tools  that  American  astronomers  must  have  access, 
whether  they  are  unique  or  not.  The  next  frontier  for  ground-based 
optical  astronomy  is  8-meter  telescope.  For  technical  i^sons,  that 
is  pndiably  the  maximum  limiting  size  for  single  telei^pes. 

The  efforts  that  NASA  is  making  in  space  will  realize  the  full 
potential  only  if  we  have  accece  to  ground-based  telescopes  to 
follow  up  on  thoG^  observations.  Prom  otoervations  in  x-rays,  for 
eiample,  alone,  you  cannot  even  tell  whether  you  are  looking  at  a 
star  or  a  galaxy.  And  so,  in  order  to  understand  and  interpret  the 
x-ray  measurements  that  NASA  will  make,  we  must  be  able  to  ob- 
serve very  faint  sources,  and  that  implies  a  need  for  very  large  op- 
tical  telescopes. 

Therefore,  I  think  we  must  have  access  to  them.  On  the  other 
hand,  given  the  fimding  history  for  astronomy  over  the  last  7 
^rears,  fcannot  be  veiy  optimistic  that  the  NSF  is  going  to  make  an 
mvBstment  in  optical  telesa)pes  that  is  compar^mle  to  what  has 
been  made  in  Europe. 

We  have,  however,  been  encouraged  by  Mr.  Blcch  to  seek  inter- 
national partners  for  at  least  partial  funding  of  a  project  involving 
two  8-meter  telescopes,  one  in  the  northern  hemi  iphere  and  one  in 
the  southern  hemisphere.  That  would  given  us  on  advantage  over 
the  European  efforts,  where  there  is  accero  to  only  a  single  hemi- 
sohere.  He  is  working  with  us  to  try  to  bring  about  such  a  partner- 
snip  with  the  United  Kingdom  and  with  Canada.  I  cannot  tell,  ulti- 
mately, whether  we  will  be  sucressful  or  not,  but  I  think  it  is  an 
important  way  to  get  started,  with  the  United  Stetes  providing 
only  ffxt  of  the  funding. 

I  think  that  the  growth  path  for  optical  astronomy  is  to  use  mul- 
tiple telescopes  t(^ther  on  a  single  site.  So  if  we  get  started  this 
and  if  it  turns  out  that  we  can  build  optical  and  infrared  in- 
rometers,  as  we  have  already  built  radio  interferometers,  then 
there  would  be  the  pc^bility  of  expanding  to  an  array  of  optical 
telraoopes.  But  this  seems  to  me  an  effective  way  to  get  sterted  on 
building  an  essential  tool. 
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Mr.  Walgbsn.  So  there  is  no  down  side  to  the  international  coop- 
eration and  ^int  effort  in  that  area? 

Dr.  WoLPF,  I  think  that  there  is  a  certain  amount  of  administra- 
tive oineiiiead  in  terms  of  working  with  another  country,  but  at  this 
point  I  see  it  as  the  best  solution. 

Mr.  Walqbsn.  I 

The  CSiair  recognizes  the  gentleman  from  Iowa,  Mr.  Nagle. 

Mr.  Naolb.  I  want  to  do  something  that  is  patently  unfair,  and  I 
apolo^  for  it,  but  I  am  tr3dng  to  get  a  link  because,  as  I  was  com- 
UMoiting  to  staff,  I  sometime  feel  like  Thomas  More  on  his  way 
into  the  court  when  he  was  the  King's  conscience.  He  was  the 
et^uity  judge  for  the  King,  and  people  would  hand  him  gifts  as  he 
tn^  to  get  into  the  King's  court  so  as  to  get  dispensation  for  their 
particular  son  or  daughter. 

I  sit  up  here  and  I  hear,  frankly,  group  after  group  come  in  and 
ask  for  more  money  for  funding  and  r€»earch,  and  I  appreciate 
that,  and  I  have  been  historically  generally  supportive.  I  am  not 
antagonistic  to  what  you  are  saying. 

But  let  me  take  you  back  a  week  ago,  if  I  can,  and  cite  for  you 
the  testimony  of  Ernest  L.  Boyer,  who  is  the  president  of  the  Car- 
negie Foundation.  In  Just  a  small  quote  from  him,  he  says,  "The 
harsh  truth  is  that  science  and  mathematics  education  in  the  Na- 
tion 8  schools  is  in  sad  shape." 

Prom  a  second  witness  at  that  hearing,  a  Dr.  Bell,  Professor  of 
Chemistry  at  Simons  College,  he  said,  "Why  has  college-level  sci- 
ence education  tend«l  to  be  overlooked  instead  of  n^lected,  ac- 
cording to  several  major  studies,  mcluding  the  University  of  Cali- 
fornia study  in  1987?  The  reason  is  that  undergraduate  education 
c»mes  in  second  on  almost  everyone's  list  of  concerns." 

Now,  I  could  cite  you  from  the  Carnegie  study  report  after  report 
rJter  report  that  says  that  if  we  are  looking  to  Uie  future  of  astron- 
omy and  r^iearch  in  astronomy,  you  are  not  going  to  have  the  stu- 
dents or  the  mathematicians  or  the  scientists  in  2000  if  we  build 
every  facility  that  we  should. 

I  am  kind  of  curious  about  your  response  to  the  concerns  that  we 
are  hesuing  (insistently  from  most  panels  about  undergraduate 
and  pre-K-to-12  reience/math  education  in  this  country,  and  how 
does  your  request  for  funding  address  what  has  to  be  an  overriding 
national  conwm  on  your  specific  projects? 

Dr.  Walkkr.  I  think  astronomers  are  particularly  active  in  un- 
dei^raduate  education.  Almcwt  all  of  us  who  are  at  universities 
U.^ch  courses  to  undei^^uat^  in  particular  to  undergraduates 
who  are  just  introdudm;  them^lves  to  science. 

I  think,  also,  most  of  the  National  OtKiervatori^  have  rraearch 
programs  oriented  toward  young  people.  Several  years  ago,  I  par- 
ticipated in  a  prc^ram  at  Kitt  Peak  National  Ol^rvatonr.  It  was  a 
prc^Tam  oriented  toward  students  from  disadvantaged  minority 
groups,  introducing  them  to  scien<».  One  of  the  young  men  in  that 
program  eventually  applied  to  our  program  in  applied  physics  at 
Stanford  and  is  about  to  get  his  Ph.D.  in  quantum  electronics. 

So  I  think  that  astronomy  really  has  an  important  role  to  play  in 
attracting  young  people  into  science  and  introducing  them  to  sci- 
ence, and  this  is  something  which  is  very  important  to  astrono- 
mers. Many  astronomers  are  involved  in  the  development  of  facili- 
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ties  for  undergraduate  use.  We  have  an  undergraduate  observatory 
at  Stanford  which  allovm  students  to  carry  out  astronomical  re- 
search projects  as  part  of  their  course  work. 

Mr.  Naols.  Dr.  Walker.  I  don't  mean  to  be  unfair,  but  let  me 
quote  your  own  testimony  back  to  you,  if  I  can,  from  page  ICh  "The 
res^rch  supported  by  the  Division  of  Astronomical  Sciences  at  the 
National  Centers  and  at  the  universities  is  very  closely  linked  to 
graduate  education.  Support  for  graduate  students,  especially  in 
the  final  years  of  study,  comes  mauly  from  NSF  or  NSP  grants.  It 
u  unportant  to  realize  that  graduate  astroncnny  training  is  very 
broad  and  highly  technical.  Astronomy  Ph.D.'s  work  in  a  variaty  of 
situations,"  et  cetera,  et  cetera. 

It  seems  to  me  the  focus  of  your  testimony  was  on  graduate  edu- 
cation, and  again,  I  don't  mean  to  be  harsh,  but  I  am  concerned 
about  this  because— are  the  reports  that  we  are  getting  right,  that 
there  is  an  absence  of  competent  future  scientists  coming  forward 
to  addrera  the  field  of  astronomy? 

Dr.  Walkkr.  Well,  I  think,  in  the  case  of  astronomy,  we  still 
have  more  students  who  are  applying  to  our  programs  in  graduate 
education  than  we  can  handle.  I  think  the  problem  is  more  serious 
in  engmeering,  where  so  many  of  our  graduate  students  are  actual- 
ly foreign  students,  and  now  many  of  those  students  are  returning 
to  their  own  countries  to  seek  opportunities  there. 

So  we  are  really  running  into  a  great  deficit  of  manpower.  It  is 
not  so  much  a  problem  in  astronomy,  I  think,  as  it  is  in  engineer- 
ing and  other  areas  of  physical  science,  but  I  do  maintain,  although 
I  did  not  necessarily  emphasize  it  in  my  prepared  remark,  that  as- 
tronomy Iws  a  very  important  role  to  play  in  undergraduate  educa- 
tion, and  I  thmk  most  astronomers  take  that  role  very  seriously. 

Mr.  Nagle.  Most  people  tell  us,  if  you  talk  to  undergraduate  col- 
lege profecHors  — and  we  have  had  a  number  of  them  here  in  years 
past  before  the  panel— that  they  feel  that  one  of  the  reasons  that 
we  are  not  moving  people  through  undergraduate  to  Ph.D.  level  of 
achievement  m  the  course  of  their  study  is  that  most  of  the  re- 
s^rch  IS  done,  frankly,  at  the  graduate  level,  that  there  is  a  lack 
of  research  opportunities  among  undergraduates.  Is  that  true  in 
the  field  of  astronomy? 

Dr.  Walkkr.  Well,  again,  we  do  have  some  opportunities  for  un- 
dergraduates to  do  r^«>arch  in  astronomy.  Astronomy  is  very  nice 
m  that  regard  because  we  can  in  fact  have  students  who  are  not 
necessarily  highly  technically  trained  do  experimental  research  in 
Mtronomy  with  small  telescopes,  and  we  have  taken  advantage  of 
that  at  Stanford,  and  many  other  institutions  have  a  similar  pro- 
gram that  provide  students  with  an  opponuulty  to  do  undergradu- 
ate research. 

I  recently  visited  Princeton  for  the  review  of  a  Science  Founda- 
tion proposal  there,  and  they  also,  at  Princeton,  have  a  very  active 
program  of  involvement  of  undergraduates  in  astronomical  re- 
search. The  rame  thing  is  true  at  Caltech.  So  many  of  the  research 
prowcta  which  are  supported  by  the  Foundation  do  employ  under- 
graduates as  research  assistants  as  well  as  graduate  students. 

Mr.  Naglk.  So  you  would  say  that,  in  your  judgment,  NSF's 
grants— undergraduate  versus  graduate— are  in  proper  proportion 
at  the  present  time? 
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Dr.  Walxsr.  Wellt  many  of  tlie  grants  to  sujqport  undergraduate 
education  are  channeled  through  other  areas  of  the  Foundation,  al- 
though they  are  reviei^t  I  think,  within  the  astronomy  program, 
I  wo^d  say  there  ia  a  good  balance  between  imdergradimte  and 
graduate  emphasis  in  most  astronomy  pn%;ram8  in  the  country. 

Mr*  Naqls,  And  if  tliere  is  an  adequate  balance,  is  there  ade- 
quate funding  for  the  number  of  grants  that  are  being  sought  in 
both  fields? 

Dr.  WAi^m  I  omnot  say  that  I  have  any  hard  data  on  the  rate 
at  which  grants  are  fUnded  to  contrast  undergraduate-focused 
grants  and  graduates*  I  rannot  answer  your  question  directly.  But  I 
do  think  that  it  is  important  to  have  available  more  funding  to  sup- 
port undergraduate  i^iucation  in  astronomy.  There  is  not  enough,  I 
think,  in  terms  of  supporting  development  of  facilitie^s  at  univerai- 
ties,  and  I  think  that  is  an  area  which  could  indeed  be  improved. 

Mr*  Nagls,  Does  anybody  else  want  to  comment? 

Dr.  Wolff  and  then  Dr.  Vanden  Bout. 

Dr,  Wolff.  If  I  could  make  a  few  comments,  in  this  countoy, 
every  ymr,  there  are  1G^,(KM)  stodents  in  junior  colleges  and  col- 
leges that  take  an  introductory  astronomy  course.  Now,  most  of 
those  people,  of  course,  do  not  go  on  to  be  professional  astronomers. 
I  think  many  of  them  dc  go  on  to  be  profeffiional  scientists. 

I  have  a  letter  here  from  Ken  Wilcox,  who  writes— and  you  will 

find  out  who  he  is— 

As  in^esident  of  the  Astronomical  League.  I  reprint  over  10,300  amateur  as- 
tnmomers  tlirooghwt  the  VS.,  and  as  a  research  chemist  for  rhilUp«  Petroleum 
Company,  I  owe  my  cwwr  in  polymer  chemistiy  to  astronomy.  There  is  no  branch 
of  science  that  offers  greater  appeal  to  3foung  Americans  to  pursue  a  technical  or 
scientific  career. 

[A  copy  of  the  letter  mention«i  above  follows:] 


47  d 


475 


ASTRONOMICAL  LEAGUE 


•  fmpmmma 


Oaftk:^viiN>.  OK  74006 


Doug  \N^grm 

2241  Raytiim  House  Office  BWg, 
Washington.  D.  C.  20515-3818 


Oe»  Congressman  Wafgrefi. 

As  Presidem  ol  me  AsironomJcal  League.  I  fepfosenl  over  10,300  amateur  asirof>om«fs 
tfiiouQhout  m©  U.  S..  and  as  a  rosoarcli  Onrnksx  tot  RiUi^  P^roteum  Cofnpai^»  I  owe  my  carecff  H\ 
pofynmr  chem^  to  asiromimy.  Ttmre  is  no  txanc^  of  scianca  mat  oWere  grater  ^)p^  to  young 
Americans  to  pursue  a  lecfinical  or  sdentifte  career  Havif^  had  Sre  oppon  -r^tf  to  ctiscow  ihe 
universe  at  an  earfr  age.  1  reaHzed  mre  miw  many  are^  of  sdence  tfiai  inieresied  me.  This 
e>«pofienoo  is  shared  by  many  of  my  Ielk5w  amateur  asironomers  and  Uhistrates  that  astronomy's 
Impact  reaches  far  beyond  the  tradition^  astronomca!  commi»iHy,  We  sh^  obsenfatfonal  results 
wim  them,  and  we  conskter  ourseHres  part  of  the  t^oatter  communiry  ol  asifonomurs  «  ^  our 
deske  that  you  consider  the  outslamKng  and  unusual  breadth,  depth,  and  effectiveness  of 
astrwtomy^s  impact  on  education  wrd  science  in  your  (teltot  Jtons  on  the  fuUire  of  NSF  si^spon  for 
flTOi^)dtead  as^nomy  at  our  nM»nal  centers  and  universities.  Without  adequate  fmanciaJ  S4wwl 
ts^  obson^aiionaJ  astronomy,  the  emphasis  we  so  desperately  need  for  science  educ«ion  in  our 
ooufltiy  wig  suffer  further  itefeat, 

PhWips  Petfoteum  Company  sponsors  an  annua*  sconce  lu^jhers  wod^shop  for  over  300 
atememanr  and  secondary  sci«w?e»achvs  thai  ad<^es&es  every  amatrfw^^  Ea^  yew,  the  one 
^^Ot  more  leaclws  show  mmrest  m  t»an  any  other  is  astronomy.  They  intjitJvftfy  know  that  by 
"oderstanc«np  this  sid^  bettm,  they  can  attrK:t  me  stu^fems  that  wotrid  mos!  iSceiy  choose  a 
career  &i  sdenoe.  nrfost  high  schooJ  students  wtd  m^y  c^Be^^  ^uctents  do  not  know  what  they  want 
10  be  because  they  have  not  h«J  me  oppOflunSy  to  discovw  the  fasdnarion  <rf  the  uniwree.  By 
leiK^ng  su^xhi  to  ^bonon^  mw0i,  oi^  gownment  w^  pfovida  fhe  woessajy  four-tirton  on 
which  ou  country  can  grow  technolDQica§y. 

The  greatest  bene»  ^  wfthout  doubt  to  m  nation's  young  peopfes  wfw,  rl^  now.  more  man 

ever  before  in  the  history  of  our  nation,  need  something  to  foam  their  aftentton  on  rather  than 

dn^  am)  TV.  Worw  ol  us  ran  save  me  world  s^teherotodJy,  tnit  by  offering  aaemaiives  to  our 

roung  peopte  such  as  Ktroflcm^,  which  has  si«?h  Ol  appeal,  I  hnend  to  ^ 
wdl  atow  mo. 


Sincerely. 
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I  think  that  many  i^entists  will  say  that  the  Rust  science  that 
attracted  them  was  astronomy* 

I  would  alw  like  to  underscore  what  Art  sa^  and  that  is  that 
many  of  us  do  take  undeiigraduate  education  very  seriously.  As  di- 
rector of  a  National  CH^en^tory,  I  do  not  teach,  but  40,000  of  ihme 
students  in  the  last  2  years  have  used  a  textbook  diat  I  (Xhau- 
^red,  and  so  I  think  we  really  do  try  to  make  astronomy  attrac- 
tive to  undeigraduates. 

Dr.  Vanden  Boirr.  I  can  answer  the  specific  question  with  re- 
spect to  NRAO  on  undeiigrraduate  involvement  in  research  opportu- 
nities* Wcf  along  with  the  other  National  Centers,  run  a  summer 
pn^am  that  brings  undergreuiuates  to  the  observatory  for  a  re* 
K^urh  experience.  We  have  typically  200  to  250  applicants,  and  we 
have  funojs  to  support  20. 

If  we  had  more  monevt  vre  a}uld  handle  more,  but  there  is  a 
limit  to  that.  That  is,  if  that  program  alone  were  funded  so,  say,  50 
students  <x>uld  come  to  Uie  Oteervatory,  the  Oteervatory  as  it  is 
presently  staffed  would  have  difficulty  coping  with  that  many  stu- 
dents and  giving  them  a  meaningful  summer  r^earch  program  ex- 
perience. It  come®  t(^ether. 

On  the  other  subject  you  mentioned  earlier,  I  would  say  that  the 
reports  are  correct,  that  the  demographics  indicate  that  in  10,  15 
years  there  will  be  a  shortage  of  scientists  and  engineers  in  the 
country,  and  we  should  be  working  on  correcting  that,  I  think.  But 
the  correction  has  to  come  at  many  levels. 

Mr.  Nagle.  1  guess  I  am  curious,  then.  If  there  is  a  con^nsus  of 
the  panel  that,  yes,  there  is  going  to  be  this  crisis  in  math,  science, 
and  engineering  people  within  the  country,  but,  because  of  the  at- 
tractiven^  of  astronomy,  you  will  be  exempt  from  that  crisis? 

Dr.  Vandkn  Bout.  No,  I  don't  think  we  will,  I  don't  think  we 
wilL 

Mr.  Nagle.  Then  what  recommendations,  if  this  group  were 
going  to  look  beyond  the  specific  project  requests  that  we  get  from 
every  group,  Intimate  project  requests  

Dr,  Vakoen  Bout,  Sure. 

Mr.  Nagljs.  I  don't  mean  to  diminish  it.  But  if  a  member  of  this 
panel  were  interested  in  trying  to  see  that  you  had  an  astronomer, 
say,  in  the  year  2000  that  was  qualified,  what  recommendations 
would  you  make  in  terms  of  our  funding  and  our  allocations? 

Dr.  Vanokn  Boxrr.  I  think  that  in  the  year  2000,  those  students 
are  sort  of  entering  collet  now;  that  is,  if  they  are  going  to  emerge 
with  a  doctorate  in  astronomy  in  2000,  th^  are  sort  of  senior  hig^ 
»:hool  students  now. 

I  think  what  they  have  to  see  is  that  there  is  opportunity  in  as- 
tronomy. There  is  certainly  interest  in  the  field.  They  can  see  that 
just  from  casual  reading.  Programs  that  emphasize  and  make  avail* 
able  opportunities  for  undergraduates  to  get  involved  are  impor* 
tant,  I  think.  But  I  believe,  when  they  get  serious  about  picking  a 
discipline  and  deciding  if  Uiey  are  goii^  to  go  to  graduate  school, 
and  so  forth,  they  want  to  know  that  when  uiey  emerge  from  that 
there  is  an  opportunity  to  do  someUiing. 

I  don't  think  that,  at  least  in  groun^based  astronomy  right  now, 
they  see  that  opportunity.  They  see  instead,  when  they  read  Sky 
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and  Telescope,  they  see  stories  aboui  troubles  at  the  observatory, 
and  it  is  di«:ourasing  to  them. 

I  think  the  tmdeipraduates  that  come  to  NRAO  for  the  summer 
have  a  good  research  experience.  Th^  find  out  a  lot  edbout  what 
doing  astronomy  is  really  like,  and  that  is  positive.  At  the  same 
time,  they  cannot  help  but  see  that  there  are  prdblems  at  the  ob- 
servatory, and  that  is  not  gomg  to  be  encouraging  in  the  long  run. 

So  I  would  Ufse  that  ftxnis  not  be  placed  just  in  one  part  of  the 
pn^nram.  It  is  a  long  process  to  bring  studmts  from,  say,  t^ir  higii 
«:hool  years  to  their  careers,  and  it  requires  a  sustained  effort  over 
a  long  period  of  time  to  do  that.  I  think  the  fact  that  the  Founda- 
tion has  put  funds  into  undergraduate  research  opportunities  is 
good,  but  it  is  not  enough. 

Mr.  Naole.  Anybody  else?  Yes? 

Dr.  Haofors.  1  can  support  Paul  Vanden  Bout's  statements 
about  the  succ^  of  the  undergraduate  prc^nrams— summer  pro- 
|rams— we  run.  In  Aredbo  we  have  a  similar  situation.  We  have 
lunds  for  about  eight  undeiigraduates.  We  have  about  100  appli- 
cants for  th^  slots. 

Now,  I  am  not  (x>mpletely  certain  that  we  could  accommodate  all 
that  many  more  in  the  program  simply  because  the  staff  is  very 
depleted  at  Aredbo.  and  we  cannot  ask  the  staff  to  take  care  of 
more  than  one  or  two  students  and  educate  them.  So,  really,  if  we 
were  to  do  more  in  educating  undergraduates,  we  would  really 
have  to  have  a  somewhat  larger  staff  and  be  set  up  for  it  in  a 
better  way. 

Now,  this  pn^ram,  it  turns  out,  does,  of  course,  emphasize  as- 
tronomy, and  it  entices  people,  young  students,  to  go  into  natural 
sciences,  and  it  turns  out,  if  you  look  at  these  students  a  few  yeara 
down  the  road,  you  mil  find  that  maybe  as  much  as  60  percent  of 
them  have  gone  into  other  fields,  usually  in  natural  sciences.  I 
know  one  example  of  one  of  the  students  who  went  into  law,  but 
that  is  very  exceptional. 

So  I  do  think  that  undei^raduate  pn^rams  like  the  programs  we 
run  do  serve  a  very  useful  purpo^  in  encouraging  students  to  go 
mto  science  and  engineering. 

Mr.  Nagle.  I  know  the  Chairman  wants  to  move  on,  but  let  me 
J"8t  say,  if  1  can— and  when  I  talk  undergraduate,  in  deference  to 
the  Chairman,  I  also  mean  community  colleges  and  junior  colleges 
and  2-year  institutions,  which  are,  of  course,  the  lifeblood  of  the 
^ucational  system  in  this  coimtry. 

But  to  me  this  country  is  like  a  deer  in  the  deep  of  winter  living 
off  the  fat  of  the  faU.  We  have  tried  in  the  fifties  and  the  sixties, 
and  as  we  move  forward  into  the  year  2000,  the  group  that  we  edu- 
cated is  ^ing,  and  we  are  not  replacing  them.  Every  study  that  we 
have  indicates  that  we  are  not  competing  adequately  or  training 
adequately  compared  to  our  foreign  competitors. 

I  think  that,  whether  your  field  is  astronomy  or  whether  your 
field  IS  physics  or  whether  your  field  is  chemistry  or  engineering,  it 
M  almost  a  duty  of  the  current  profession  of  scientists  to  push  this 
Congress  and  push  tius  administration  to  see  that  we  start  (XTredr 
ing  the  deficiencies  that  we  have  in  the  educational  system  in  this 
country  in  these  fields. 
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Again,  I  did  not  mean  my  questions  to  be  hc®tile,  but  I  am  con- 
cerned about  it. 
I  tlmnk  the  indulgence  of  the  chairman. 

Mr.  Waxjq^ks.  Thank  you  \^ry  much,  Mr.  Nagle,  for  that  focus 
in  the  record. 

How  do  you  feel  about  the  hearing  that  you  get  at  NSF?  Dr. 
Walker,  you  are  the  Chairman  of  the  Advisory  Board.  Do  they 
have  a  comprehensive  apprrach  that  you  have  confidence  in  that 
wouM  rdate  th^  operations  cutbacks  to  new  cx)nstruction  in- 
creases and  in  some  way  that :  ou  have  a>nfidence  in  their  ranclu- 
nons? 

Dr*  Walkek.  Wellt  I  am  afraid  that  I  will  have  to  say  that  we 
simply  have  a  dv>Agreement  with  the  highest  levels  of  the 
management  on  this  issue.  We  believe  that  the  basic  funding  that 
astronomy  is  getting  is  insufficient  We  have  made  that  point,  and 
I  think  that  we  have  had  a  fair  h^rii^.  I  am  afraid^  unfortunately, 
that  our  point  of  view  has  not  prevailed,  and  I  do  not  understand 
the  mechanisms  in  detail  of  how  th^  allocations  are  made,  and  I 
presume  that  the  National  Science  Board  is  the  ultinmte  authority 
for  making  these  

Mr.  Waloren,  Have  they  been  involve  in  this  at  this  point? 

Dr.  Walker,  Well,  I  believe  there  have  been  presentations  to  the 
National  Science  6<kurd,  but  it  is  my  impr^ion  that  the  Science 
Board  has  not  chosen  to  suggest  alterations  in  the  basic  allocation 
of  resources  up  until  this  point,  i  l^Iieve  that  Dr.  Wolff  recently 
made  a  presentation,  so  she  may  be  in  a  pmition  to  comment  on 
their  role  in  this  proce^. 

But  I  think  that  we  have  been  able  to  make  our  views  clear  to 
the  adviso]^  committee,  and  we  do  meet  with  Mr.  Bloch  and  Dr. 
Nicholson  from  time  to  time  to  diK^i^  the  priorities,  and  I  think 
we  have  made  our  point  very  cl^w  that  the  current  level  of  fund- 
ing for  the  ongoing  research  and  Imsic  support  prtigtBxm  of  the  di- 
vision is  simply  inadequate* 

Mr*  Waixsben.  But,  to  the  best  of  your  knowledge,  they  have  not 
respond«l  with  a  comprehensive  plcm  or  approach  or  set  of  princi- 
ples that  they  are  using  to  allocate  their  investmem;? 

Dr.  Walksk*  No.  Well,  I  think  the  respond  has  been  that  there 
are  many  very  high  priorities  within  the  Foundation,  and  that  as- 
tronomy may  have  to  reconsider  its  priorities.  But  I  believe  that  as- 
tronomy—and I  think  Mr.  Bloch  would  probably  agree  with  ihis— 
has  done  at  least  as  good  a  job,  and  perhaps  a  better  job,  than  any 
of  the  other  diK:iplin€»  in  oniering  its  priorities. 

We  do  have  the  annual  decade  surveys,  as  Dr.  Vanden  Bout  has 
pointed  out.  We  have  closed  down  older  facilities.  In  fact,  recently 
there  was  a  report  evalimting  the  priorities  of  radio  observatories 
in  the  country,  and  as  part  of  that,  the  committee  looked  at  facili- 
ties which  have  been  wut  down.  There  have  been  about  a  dozen 
radiotelescopes,  some  at  the  National  Observatories,  some  at  uni- 
versities, shut  down  over  the  last  decade-and-a-half. 

Mr.  Walgbsn.  So  has  NSF  followed  the  general  structure  of  pri- 
mity-setting  that  the  discipline  has  intemall3  pursued? 

Tfr,  Waiter.  Well,  as  I  tried  to  make  clear  m  my  remarks,  there 
were  two  areas  of  priorities  that  the  Field  Committee  identified. 
One  was  the  construction  of  new  facilities,  and  in  that  r^ard,  the 


ERIC 


479 


Foundation  has  followed  those  recommendations  as  far  as  the  fund- 
ing available  will  go,  but  the  funding  has  been  insufficient,  so  that 
two  of  the  important  priorities,  particularly  the  construction  of  a 
large  optical  telescope,  have  simply  not  been  pc^ible  because  of 
the  limited  funds. 

In  the  second  area,  the  area  ,,f  the  basic  prerequisites  to  carry 
out  reroarch,  including  support  of  young  investigators,  develop- 
ment of  new  technologies,  and  so  forth,  maintenance  of  facilities, 
the  funding  has  simply  been  inadequate  because  of  the  very  large 
decrease  in  the  effectiw  amount  of  funds  available.  We  have  made 
this  point  to  the  Foundation,  and  there  is  no  other  soluticm  except 
to  either  shut  down  one  of  our  absolutely  indispensable  facilities  or 
to  have  more  funds  available. 

I  think  we  are  getting  clc«e  to  the  point  where  a  v^ry  fundamen- 
tal decision  will  have  to  be  made,  because  I  think  each  of  these  Di- 
rectors— and  I  must  confer  my  admiration  for  the  difficult  task 
they  have  had  to  deal  with— each  of  them,  I  think,  has  cut  back  his 
or  her  operations  to  the  bone,  and  there  is  no  room,  literally,  for 
any  further  reductions  without  m^jor  cl(»ures  of  faciliti^  which 
are  absolutely  indispensable  to  us. 

Mr.  Waloren.  Are  there  other  comments?  Would  anyone  else 
like  to  r^ipond  to  that  area? 

Dr.  Vanden  Bout? 

Dr.  Vanden  Bout.  I  am  unaware  of  any  formulated,  articulated 
plan  that  would  explain  why  the  budgets  in  astronomy  have  been 
so  low  over  the  last  5  years.  On  the  other  hand,  the  pattern  is 
there,  so  one  assumes  that  there  is  some  rationale  for  this,  but  I 
have  not  been  able  to  uncover  it. 

In  asking  for  an  explanation  of  a  new  year's  budget,  each  year 
there  is  a  different  reason.  The  first  year  there  is  a  problem  with 
this,  and  the  next  year,  well,  somebcKiy  has  to  be  last;  not  every- 
body wins.  The  next  year,  there  is  some  reorganization  and  the 
bu<%et  was  overlooked,  and  so  forth. 

But  I  have  found  r^ly  no  rationale  that  could  be  articulated  for 
this,  and  after  5  years,  one  assumes  that  there  must  be  one. 

Mr.  Walgrkn.  Is  there  feeling  that  it  is  because  of  the  commer- 
cial thrust  of  NSF  under  Mr.  Bloch's  direction,  which  is  responsive 
to  many  of  the  directions  that  Members  of  Congress  and,  I  am  sure, 
people  in  the  administration  would  like  him  to  persue  but  it  is 
away  from  Iwic  res^uvh  and  certainly  away  from  non-applicable 
research  in  a  commercial  sense? 

Dr.  Vanden  Bout.  It  is  possible;  that  is,  our  situation  is  shared 
by  phwiis,  chemistry,  the  sort  of  core  basic  science  in  the  Founda- 
tion. We  are  not  unique  in  this,  although  I  think  we  have  been 
n^r  the  bottom  more  often  than  the  others. 

Th.e  explanation  may  be  just  as  simple  as  the  Foundation  wants 
to  C  some  things,  and  the  budget  can  only  accommodate  them  if 
other  things  suffer. 

Mr.  Walgrsn.  All  r^ht. 

Dr.  Hagfors,  you  said  at  some  point  that  the  United  States  has 
been  reluctant  to  enter  into  international  arrangements  with  re- 
spect to  ground-based  facilities.  Is  there  a  pattern  there  that  stands 
out?  And  what  is  the  basis  of  that  reluctance  on  our  part? 
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Ik*.  HAOft»8,  It  is  very  difificult  for  me  to  say  exactly  what  the 
reason  for  that  but  I  am  ^iially  speaking  as  one  with  very  con* 
mderaUe  experien^^  in  intematioiial  cocqieration  in  research 

I  i^aiaily  started  a  research  project  in  Europe  with  six  national 
sdmice  foiuidationB  involved  as  funding  agenda  involv^  and  it 
was  reli^vely  suooe^tfiil  as  a  sdentiik  enterprise* 

I  quite  agree  that  the  overhead  in  international  cooperation  is 
soEK^what  mgher  than  it  would  be  in  a  national  program.  But,  on 
the  otl^  hand,  if  this  is  the  only  way  you  can  get  such  a  wnture 
foiuled,  theoi  I  feel  that  tlwt  is  the  way  to  go. 

I  feel  that  in  some  cases  ti^re  may  have  been  lost  opportunities 
in  some  of  the  enterpri^  which  are  now  on  the  way,  like  the 
VLBA*  I  personally  feel  Uiat  U.S.  scientists  should  have  worked 
harder  in  order  to  get  Canada  involved  to  build  a  few  of  the  tele- 
scopes. It  did  not  hwfien  for  various  reasons  that  I  have  been  told, 
but,  nevertheleffl,  I  Uunk  that  there  was  an  opportunity  there  that 
cwld  have  saved  the  pro,^  some  funds. 

I  am  mxe  there  are  cibBr  opportunities,  like  in  the  millimeter 
array  venture  that  vrH  come  up.  We  see  that  the  Japanese  are 
building  an  array  at  a  site  where  they  probably  should  not  build  a 
millimetOT  array  because  the  climatic  conditions  are  not  right  for 
it. 

Hie  United  States  has  many  such  sites  that  (x>uld  be  used,  and 
m^ybe  we  could  get  a  few  antennas  from  Mitsubishi  or  mmewhere 
in  <mler  to  reduce  the  cost  somewhat  and  still  get  a  top-notch  array 
that  way.  It  is  jxy  perception  that  this  has  not  been  pursued  vigor- 
ousW  enough. 


Mr.  Walgrsn.  I  see. 
Dr«  Vanden  Bout? 

Dr.  Vanoxn  Bout.  If  I  could  respond  to  that,  I  will  say  that  we 
are  interested  in  international  a>operation  witli  respect  to  the  mil- 
limeter array,  and  Tor  is  quite  nght  about  the  Japanese  project 
being  at  an  unsuit^le  site.  They  are  not  inlling,  howe^r,  to  dis- 
cuss this  until  their  optical  pro^ct  is  well  in  order  and  under  way, 
and  tl^y  proceed  at  a  very  deliberate  jmce.  So  I  see  that  as  a 
future  opportunity. 

With  respect  to  TJBA,  there  was  an  opportunity  to  do  something 
with  Canada  which  did  not  work  out,  mainly  because  the  Canadian 
asbt>nomers  wanted  to  build  an  array  of  their  own.  When  that 
failed,  it  produc»l  a  sort  of  vacuum  of  opportunity.  It  could  not  be 
picked  up  as  a  joint  thing  again.  So  it  did  not  work  out.  If  we  had 
worked  harder,  maybe  rarlier.  to  convince  them  that  a  ^int  array 
was  the  w^  to  go  rather  than  an  independent  array,  we  might 
have  made  some  progress  there. 

VLBI— that  is,  very  long  baseline  interferometry  science — is  very 
intematicmal,  and  we  expect  that  the  VLBA  will  be  used  about 
one-third  of  the  time  in  combination  with  antennas  ali  around  the 
wotIiL  The  Italimis  iite  building  an  array.  There  are  important  an- 
tennas in  Europe  and  in  Japan  and  Australia.  And  so  the  ol^rv- 
ing  pn^ram  will,  for  a  significant  amount  of  the  time,  be  a  joint 
effort* 

There  are  also  space  ventures  in  very  long  baseline  interferon 
metry  Kience.  The  Soviet  Union  has  a  mission  called  Quasat,  and 
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the  t7a]»nes8  have  one  called  VSOP.  We  expect  to  imrticipate  in 
both  of  those  mi£»ioi»  if  things  work  out. 
Mr.  Waix}ren.  I  see. 

I«t  me,  on  behalf  of  the  committee,  expre^  our  appreciation  to 
you. 

Let  me  ask  one  other  thing.  How  is  it  again  that  you  know  the 
light  is  10  billion  years  old?  what  are  the  mechanics  of  that  again? 

Dr.  WouF.  Well,  what  happens  is  that  you  have  to  measure  the 
distance  to  this  galaxy. 

Mr.  Walgbsn.  I 

Dr.  Wolff.  It  is  complicated  how  you  do  that,  since  it  is  so  faint. 
But,  basically,  the  whole  universe  is  expanding,  and  by  measuring 
the  velocity  of  the  expansion,  you  can  tell  how  far  away  the  object 
is.  So  we  know  that  it  is  so  far  away,  it  takes  10  billion  years  for 
the  light  to  get  from  there  to  here. 

Mr.  Walqhen.  And  you  get  the  distance  by  measuring  the  shift 
in  the  light  rays? 

Dr.  Wolff.  The  rate  at  which  it  is  moving  away  from  us. 

Mr.  Walgeen.  And  that  gives  you  the  rate  at  which  it  is  moving 
away,  and  you  can  extrapolate  from  it. 

Dr.  Wolff.  It  turns  out  that  the  rate  at  which  an  object  moves 
away  from  us  is  proportional  to  its  distance  from  us,  and  so  by 
measuring  that  rate,  that  velocity,  we  can— and  it  is  moving  at 
about  98  percent  the  speed  of  light. 

Mr.  Waigken.  And  why  is  it  proportional  to  the  rate  that  it  is 
mowng?  Why  is  it  moving  faster  out  there  than  the  ones  closer? 

Dr.  Wolff.  That  is  complicated,  and  it  helps  to  have  a  picture,  or 
I  could  send  you  my  textbook.  [Laughter.] 

But  the  universe  is  expanding  at  a  uniform  rate,  and  so  that 
turns  out  that  every  distance  will  double  in  the  same  period  of 
time.  So  the  things  that  are  further  away,  for  that  distance  to 
double,  they  have  t-j  be  moving  faster  than  the  ones  that  are 
nearby,  because  you  can  double  that  distance  by  moving  not  so 
fast. 

Mr.  Walgren.  I 

Dr.  Wolff.  It  turns  out  that  if  you  work  it  all  out,  it  comes  out 
that  the  distance  is  proportional  to  the  speed  with  which  things 
move  away.  And,  of  (»urM!,  we  think  that  things  are  moving  away 
bsc^use,  in  the  banning,  everything  was  concentrated  at  a  very 
tiny  volume,  and  then  it  b^an  to  expand,  the  s(M»lled  "big  bang,^' 
and  it  has  been  escpanding  uniformly  ever  since  for  about  13  billion 
years.  And  so  we  date  the  b^[inning  of  that  expansion  as  the  b^^in- 
niM  of  the  universe.  But  we  are  trying  to  get  a  good  handle  on 
reaDy  what  the  number  is. 

Mr.  Walgren.  What  do  you  think  the  chances  are  of  any  view  of 
the  universe  discrediting  the  original  big  bang  at  this  point?  Is  it 
pcHBible  that  there  are  phenomena  out  Uiere  that  would  tell  us 
that,  w-ill,  that  is  right,  they  are  moving  away  from  the  center,  but 
there  is  another  reason  for  that  other  than  they  all  originat^l  at 
one  point  18  billion  yrars  ago? 

Dr.  Wolff.  People  are  starting  to  explore  some  altema^^^ives,  be- 
cause there  are  a  few  observations  that  cannot  be  explained  by  the 
standard  big  hang  model.  But  those  people  are  in  the  minority 
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right  new,  and  almost  everythix^      see  can  be  explained  by  this 
stamiani  version. 
Mr.  WaIiGBSN.  I  see* 

Dr.  Wouv.  And  so,  at  If^st  after  the  finBt  second  or  so,  if  you  can 
beUei^  th^  of  the  univen;e,  I  Uiink  that  tiio  explanation  is  going 
to  hxAd.  But  the  details  of  what  happened  in  that  first  second  may 
actually  change  pntfoundly. 

And  U^n,  course,  t}»^  are  things  we  do  not  understand,  and 
diey  may  hold  vital  clues  that  we  are  now  mismng.  You  know,  it  is 
when  you  think  you  understand  a  ^ence  that  you  are  probably  in 
tl^  biggest  trouble, 

Mr.  Wai^gbkn.  Well,  all  right 

l!)iank  you  all  very  much.  We  appreciate  ^mr  spending  this  time 
with  us  uiis  momingt  and  we  hope  we  can  encourage  support  for 
your  interests  in  our  piocei^ 

Let's  then  turn  to  tne  last  two  witness^  Robert  Craig  from  Key* 
stone  Center  and  Bruc^  Manheim  from  the  Environmental  Defense 
Fund,  talking  about  the  Antarct^. 

I  wtHild  invite  our  former  Congressman  McCormick  to  ioin  us  if 
he  wants  to.  How  are  you,  Mite?  Nice  to  see  you.  If  you  have  any 
spedal  interest— well,  I  don't  want  to  say  it  that  way.  If  you  have 
particiilar  interest,  come  join  us  sometime  up  here. 

Mr.  McCoRAOCK.  Thank  you.  I  will. 

Mr.  Walqren.  All  ri^t,  great. 

Your  written  statements  will  be  reproduced  in  the  record,  bo 
l^ease  feel  free,  particularly  at  this  time  of  the  day,  to  focus  on 
points  you  would  like  to  make  that  would  then  stand  out  from  the 
reproduction  of  your  written  comments  in  the  record. 

Shall  we  go  in  the  order  in  which  I  introduced  you  to  the  record 
and  start  with  Mr.  Craig,  or  would  you  rather  a  different  order? 
Suit  yourself. 

OTATEMENT  OF  ROBERT  W.  CRAIG,  PRESIDENT,  THE  KEYSTONE 

CENTER 

Mr.  CsAio.  Hiank  you,  Mr.  Chairman,  and  thank  you  for  provid- 
ing me  with  this  opportunity  to  comment 

I  should  say,  as  1  tried  to  in  my  written  remarks,  that  it  was  a 
neat  importunity  and  privilege  to  serve  on  the  Antarctic  &dety 
Keview  PaneL  I  hope  that  some  of  the  work  that  we  did  in  ^t 
relatively  short  period  of  time  has  proved  useful  in  terms  of  focus- 
ingon  things  that  need  to  be  done  in  Antarctica. 

The  work  of  the  pan^l  was  basically  to  assess  the  overall  safety 
problems  that  we  undertook  to  examine  in  Antarctica.  What  we 
found  was  a  clear  degree  of  ccnnectedness  between  a  great  many 
safety  issues  and  sound  environmi^tal  protection.  We  also  disrov* 
ered  that  much  of  what  has  happened  in  tte  past  was  due  to  the 
earlier  ocmflicting  charrcter  of  jotnt  civilian  and  quasi-military  op- 
erations bj^  the  United  Stated  on  the  continent. 

I  sa^  this  not  as  a  criticism  but  really  as  just  an  observation  of 
what  m  fact  happenr^  It  is  prolMd>ly  in  the  nature  of  ^e  events 
that  took  place  down  in  Antarctica  at  that  time.  I  don't  think  that 
a  civilian  enterprise  prdbably  would  have  successfully  gone  forward 
in  the  way  that  the  initial  research  was  undertaken  without  the 
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kind  of  support  provided  by  the  Naval  Air  Squadron,  BXE-6,  vrorit- 
ing  m  cooperation  with  the  National  Science  Foundation.  But  the 
luws  of  respiHisibuity  and  commimication  were  not  cl^rly  defin«l, 
and  as  a  consequence,  many  things  literally  fell  between  the 
cracks. 

It  was  the  Safety  Panel's  impression  that  the  basic  problems  of 
command  and  control  in  Antarctica  are  being  addreBsed  and  that 
the  new  definitions  of  authority  and  responmbility  will  allow  for 
and  eiMure  n<rt  only  that  the  overaU  safety  goals  set  by  the  panel 
SHiS*^  needs  of  environmental  cleanup  and  management  will  be 
fuimied,  providing  certain  other  steps  are  taken,  f  wo»ild  like  to 
(»mment  on  a  few  of  those  elements  more  specifically. 

Ifound  the  National  Science  Foundation  Deparbnent  of  Polar 
Programs  hutiative  to  be  generally  a  very  positive  step  forward.  It 
nas  a  number  of  areas  which  must  be  more  specifically  defined.  A 
*""°°®J"  ^  recommendations  for  actions  must  be  prioritized.  Among 
tlwse,  I  believe,  is  a  clearlv  stated  critical  path  approach  for  the 
remo^  and  elimination  of  hazardous  and  solid  waste.  This  must 
be  undertaken  in  a  systematic  fashion  rather  than  piecemeal 

To  a  certain  degree,  the  retrograding  of  hazardous  and  solid 
waste  from  Antarctica  has  already  b^pm^  but  it  must  become  an 
annual  commitment,  and  I  believe  my  colleague,  Dr.  Manheim,  has 
referred  to  that  in  his  report 

I  am  a>ncemed  about  waste  water  diK;faarg»  and  the  proposed 
remediation  as  outlined  in  the  initiative.  I  believe  what  will  be  un- 
dertaken will  prove  to  be  inadequate.  The  numbers  of  personnel 
and  the  concentration  of  discharge  into  the  waters  adiacent  to 
McMurdo  base  and  the  need  to  fulfill  our  NEPA  requirements 
simply  require  a  more  state<»f  the-art  approach.  This  will  cost  more 
to  install,  and  it  will  require  more  to  mamtain  and  operate. 

I  believe  that  hazardous  waste  must  be  managed  in  Antarctica 
on  a  Efystematic  Imsis  and  that  a  waste  mana^ment  plan  raiwt  be 
developed  at  the  earliest  possible  moment.  Similarly,  incineration 
technology  should  be  selected  and  put  in  placr  at  the  earUest 
moment. 

Atmospheric  emissions  must  also  be  controlled.  The  long-term 
implications  for  doing  good  science,  not  to  mention  fundamental 
environmental  and  moral  rraponsibility  for  the  preservation  of  the 
pristine  character  of  Antarctica,  requires  this.  It,  too,  will  cost 
more,  but  it  can  be  done. 

With  respect  to  Antarctica,  I  am  in  complete  agreement  with  Dr. 
Bruce  Manheim.  I  am  troubled  by  the  growing  impact  of  tourism 
on  ttie  Antarctic  environment.  It  may  well  be  that  if  we  truly  agree 
with  the  munework  of  international  agreements  on  midlife  in  Ant- 
arctica, an  effective  discipline  for  tourism  is  alrei^iy  in  place.  It 
may  not  receive  favor  from  the  tour  groups  and  tourists  them- 
selves, but  it  could  ensure  boundary  conditions  that  lil  net  be  ex- 
ceeded. 

^  hinted  in  my  prepared  remarks,  I  am  pleased 
that  NSF  has  undertaken  the  initiative  in  what  I  hope  is  a  reaction 
to  our  Safety  Review  Panel  report,  but  I  am  also  concerned  that 
what  needs  to  be  done  and  can  be  done  with  the  proposed  funding 
may  fall  short.  Perhaps  only  time,  2  or  8  yeare  out,  will  tell  what 
we  can  get  done,  and  a  reass^ment  at  tliat  time  may  give  us  a 
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more  valid  sense  of  what,  for  the  long  run,  wili  be  needed  to  fulfill 
our  envinmmental  and  safety  obligations  in  Antarctica. 

Thank  you  again  for  letting  me  make  this  presentation. 

fnw  prepared  statement  of  Mr.  Craig  follows:] 
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Th«  foUoving  1«  «y  forval  stAlvMnt  to  th# 
Suk>coiwitt««  on  Scl«nc«,  Rtrienrch  i  T^chnolotfy  iti 
prmpmrmticn  for    ay  tsaliRony  a«  a  witness  t,«ror«  th« 

Subcoinfliitt«Ct 

!  o«  Robert  Cmift  t  as  Pr*ald*nt  of  the  Keystone 
C«nt«r  tn  Kvystonc.  Colorado.  Thm  CmnXvt  im  a  not- 
for-profit  «ci«nce  and  public  poUc^y  institution 
•*hich      work*      on      »      %tidm      vartoty    of  nftiional 

onvironmentfll ,  heaUh,  natural  muurcc  nnd  iochnical 
r^HuIatery  igcauea. 

I  WAS  privileged  to  be  a  member  of  the  NaMonal 
Science  Foundation  Panel  on  Safely  in  Antarctica  in 
108?  and  1988.  The  charge  to  tha  Panel  «aa  to 
exaaine  all  aaprcta  of  aafety  involving  V.S, 
peraonnel  in  Antaroticn  and  to  mnkt  reconaendnticna 
on  any  and  all  aspects  of  U.S.  operatton^f  in 
Antarctica.  The  Panel  »#a«  rcprosentvd  by  a  wide 
diveraity  of  a^perienco  In  a  variety  of  hoatile 
envirofi«ent»f  by  extenatva  management  reap^inaibility, 
and  by  considerable  environiaantal  protection 
experience 


Tiir  KTrtTovr.  rKSTfK  00%  606.  KmroM.  coioraoo  Mi^  m  >  *«»  •  teii 


ERIC 


4;; 


u 


486 


2 


On*  fMtncl  9e«V«r  ^mn  nt  the  tine  thm  Adnirai  in  chArfe  of  Air 
Saf«tr  for  the  Unil«d  Stolen  N^ivy;  anoihwr  hud  ht>Pld^d  one  of  thn 
nation'*  leading  ri^vearch  institutions  find  ha^i  proviousiy  b«on  a 
g«A«rai  in  tha  U.S.  Ar«> ;  a  fraale  m«sber  of  th«  panel  wa«  a 
•anidr  Vica  Pr«ai4ent  «.»'  General  Hotorat  a  ph|ralci«t  and  iin 
•Xpert  In  environmental  protection;  tht-  Dean  of  Oraduate  Studitsiv 
of  A  pr«atigiotiB  Agricultara  and  Scianco  UnLvomity  waa  also  a 
pansl  i««iib«r*  as  was  the  former  Dean  of  thr  Harvard  University** 
School  of  Public  Health.  The  Chairman  of  the  imnel  Mas  a  fonser 
aatronatit  and  Thnirsan  of  the  Cniifornia  Energy  Coaaiasion.  I 
have  aoaotimes  reflected  In  the  face  of  the  distinguished 
AforeAsntioned  naaembinge  how  I  wan  mad*-  n  seishrr  of  the  Panel* 
My  ovn  bacl$groand  inrludss  over  50  years  of  soiiijcolnrer ing  on 
several  continents*  in.;luding  a  number  of  expeditions  to  tho 
Hiaalsyas  and  experience  in  tho  Arctic.  The  Center  I  head  and  of 
Nhich  I  aiD  the  founderi  is  derpiy  involved  in  natiynal, 
environaental  and  science  and  technoloe/  issues,  particularly 
involving  hazardous  waste t  clean  «iir  and  clean  wat^r  latiti&s  and 
biotechnology  rei^ulation  policy  (including  AIDS  vaccine 
liability. )  My  own  training  has  been  in  biology  ^nd  philosophy 
of  sciffnc**  and  the  better  part  of  my  life  has  been  spent  in 
getting  thoughtful  people  to  ^orH  tof^nrd  consensus  on  difficult 
policy  issues. 
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Hy  mxprri^nt:r  of  the  eHtr^Ms  ci  dUcomfortt  <i«*pri v^ti on »  and 
cold  mt  hl<h  nUltude  «n*l  In  the  Arctic  and  tho  do»,  -ids  and 
difflctiltlfis  of  technical  nountaine^r Ing  in  n  variety  of  plAcea 
notwithstftndinii;  thr  character  and  mugnitudc  of  tht?  Antarctic 
•nvironwent,  it»  extreme  variations  in  tenperaturc  and  wind,  it» 
vaatness,   its  inhospi tol t ty  find  its  constnnt  thrvnt  of  dnnif«r  ani 


its  stagieriniff  lonely  beauty  niAk«  it  unique  of  «u  |>lnce9  on 
the  earth.  I  offer  this  expression  of  respect  for  the  AntHrctlc 
environment  n%  \  endeavor  to  coAinent  on  ihe  Safety, 
Environaent/Henlth  Initiative. 


Chair»an  Walgren  of  the  Comuittee  has  Asked  for  my  comwents  for 
the  NSF'a  environment/heal th/f^nfety  inltintivr  as  presented  in 
the  flecal  year  1990  budget,  I  have  read  the  Initiative 
carefully  «nU  I  hclleve,  overall,  it  ^s  i'onj»n»trnf  ^^l^.h  the 
findings  an*!  ri^cofismendationa  of  the  United  Stafen  Antarctic;  Panel 
(USAPK 


With  reapect  to  the  Chairnsan's  qu«ntion,  "Th  thr  NSF  plan 
consistent  ,  «  .  with  proposed  international  icuicJcUnes  for  the 
environmental  protection  of  Antnri;ticft?" ,   It  la  my  impression 
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that  thv  N8F  approach  outlined  in  the  Initiative  ia  conviatent 
with  the  Waa^«  Diaponal  Code  put  forth  hy  the  Scientific 
Cemittea  on  Antarctic  Heaearch  laat  f^il  in  Mobart,  AuatrnXie* 

9o  far  aa  time  and  resource  Application  are  concerned*  it  i«  ay 
iepr^asion  that  fiv^  re«ra  ond  liOQ  ailllon  to  get  the  job  done 
trill  place  very  considerable  deaanda  on  the  ageacr  and  will 
require  reel  ingenuity  if  NSF  is  to  nlao  fulfill  Itn  acientific 
eiaeiona*  not  to  mention  the  edequate  mintenancc  of  the  U.St 
preaenco  in  Antarctica.  NeverthelesBf  I  believe  thia  ia  a 
aisnificant  beginning  and  one  that  2,  aa  a  Panel  seaberi  aa 
aurprised  and  pleii«rd  to  find  is  being  given  such  serioua 
conaideration. 

Ifhen  conaidoring  operational  the  conduct  uf  ecientific 
inveatigatioA  and  research  and  isauea  of  aofetyi  environaent  and 
health  in  the  Antarctic  one  must  conRtnntly  keep  in  aind  the 
uniquenesa  I  referred  to  above.  To  achieve  safe  and  healthft«l 
operationa  in  that  extreae  and  harsh  pliice  the  issues  of  aafety 
and  health  sre  inseparable  froa  sound  environaontal  aensgcaont' 
It  aay  sound  aimplistici  but  T  would  like  to  assure  the  Coaaittae 
that  a  safe  environisent  is  a  clean  environment.  Froa  that  axioa 
flows  the  recoaaendntions  contained  in  the  Safety  Review  Panel 
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Roiiort,      I  bcllevv  th-  Panel  agread  unonimously  that  Attitude  of 
Mind  Applies    broAdlsr  to    a  variatr    of  safipty    and  haaith  iaaucv 
fraa  aircraft    aaintrnance  and    procedures*  to    ba^e  operationa  Ui 
McHurdo,  Palaer  and  South  Pole  Statlona  and  from  rcnjote  caapaitea 
in  the     interior  to    the  aalntananco  ond  operatipna  of  vaaaala  in 
natera  of  the  Antarctic,      It    appliea  aa    well  to    the  morale  of 
peraonoifl  in    every  corner    of  every  u.S*  facility  in  An^orctica. 
By  cleanlineaa  is  not  scant  an  axcessive  concern     for  neatnaaa  or 
faatidiouaneaai  but  a  senae  of  knowing  where  ovcrrthing  one  needs 
and    itaea    is.     ond    a    recognition    that    hostile  environaontat 
especially  Antarctica,     require  a    senae  of  healthful  reapect  and 
self  diacipXine  if  one  is  to  function  offectivrly  and  safely. 

With  respect  to  sperific  elements  of  the  Initiative  pertaining  to 
environmental  clean-up  and  waste  manageaent  I  believe  NSF  has 
proposed  rreativo  and  achievable  targets  and  taken  coreful 
coffnisan:e  of  the  recossendat lona  of  the  Safety  Rcvir«^  Panel,  I 
wui.d  11  so  to  ntceaa  that  plans  for  land  fillinij  f.he  Winter 
flURrterfi,  ..Sax — BuroPSiAe    should    noi,    bo    considered    ai    a  final 


concluded  aa  to  the  stability  of  the  hazardous  wastes  in  the 
site.  This  nsaessmfnt  could  take  the  aonitoring  data  the  Agency 
Inttends  to    generate  over  tiwc  along  with  whatever  best  available 


solution  until 


an  environmental 


eng  ineering  assosainont 
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technplogy  omn  he  broutfht  to  bc«r  on  «v»li]Atini  the  site  over  « 
flv»t  tmn  nnd  fifio«n  t^at  period*  It  asy  «s  Uftermined  that 
while  total  renoval  vlll  novar  b»  nttrtiptedy  that  routine  and 
thoroujSh  sonitorlng  of  tho  sit«  And  its  want^s  will  bo  nece^miry 
into  tho  forcoablo  future  i 

I  9tron«ir  rccommBfid  the  N5F  conaider  the  impiicAtlona  of  th« 
U.S.  N«vr*e  new  managesent  and  dUpo«al  of  plaatirq  at  %om 
»Cre«Aer\t  aadc  with  a  nunber  of  rnvlronMntnl  orSanizatlonM  in 
1988*  Tho  question  of  plasties  in  the  environment  of  Antarctica 
is  A  serious  nnd  complicated  issue  and  not  one  that  vill 
necessarily  be  solved  by  total  avoidance,  though  a  policy  of 
sinimisation  should  be  pursued.  One  of  the  sost  essential  ffioralo 
factors  of  personnel  operating  in  Antarctica  is  the  quality  of 
dlat  and  variety  and  character  of  food  preparfd  in  the  stationary 
bases  and  for  those  who  aust  operate  remotely  in  the  field «  Tho 
use  of  plastics  aust  weigh  against  fulfilling  sustaining  and 
pleasing  diets  ond  the  retvofrade  and/or  destruction  of  plastieii 
aust  be  assured  for  those  which  are  deteriained  tu  br  necessary. 


491 


7 


aAFCTY  AMD  MRALTM 

I  beli»ve  NSF  has  reapondrd  well  to  the  rc  c«<««en  iotlona 
conc«rninf  «iifety  anti  health  An  Anturctica.  Huch  ni^adv  to  be 
done  and  <.t  la  hoped  thot  all  of  the  elements  outlinni  in  tho 
Initlstive  will  be  puraued  on  parallel  and  concurrent  critical 
Pfttha  under  the  ov-eraight  of  the  Director  of  polar  Proiraoa* 
Virtually  all  of  the  recoii»end<^tions  of  the  Safety  Review  Panel 
aaaume  that  the  NSF  will  obtain  the  services  of  a  Safety 
fnvir'-naent  and  Health  Officer  (SEHO).  Thi»  high  level, 
enorffloualy  responsible  position  will  require  a  person  of  rare 
talent.  but  the  aucceaa  of  the  Safety/RcaUh/Environeent 
Initiative  simply  rcauirea  a  coamitaent  to  finding  the  best 
poseible  man  or  woman  for  the  job.  Tf  any  crifciciaui  night  be 
made  of  the  otherwise  thorough  and  responsive  Inltiaivivo  it  is 
that  this  vital  poaitlon  is  not  clearly  cited  and  the  role  of  the 
5CT0)  is  not  strongly  articulated. 

To  assure  that  the  role  of  the  Safety  Environisent  and  Hocllh 
Officer  is  »ade  part  of  the  record  I  offer  the  following  frPo»  tho 
Safety  Review  Panel  Report; 
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SAPCTV,   EWTRQMMKXT  AMP  ^IRALTO 

A«  th«  Panel  cpniJuct«4  it«  nvimm  of  USAP  nctivtties  in  which 
lafety  l«  tt  direct  issue,  it  wan  iapresseti  by  both  the  diversity 
of  concerns  and  their  interaction  with  the  related  topice  of 
•nvironaent  and  henlth.  This  l«pr.a»ion  aubaequently  led  thm 
Panol  to  utilise  a  broad  definition  of  aafety  inclmllnn  r»-lnUd 
•nvironaant  and  honlth  iaauea  in  condvictlniS  its  investitfntiona 
and  preparlnf  its  recomnondotiona. 

ft  should  be  understood  that  while  the  Panel  was  favorably 
isipreased  by  virtually  everyone's  genuine  concern  for  s/ifety>  the 
exiating  Inatitutional  design  does  not  reflect  th's  concern. 

Managing  the  Raaponaibility 

To  effectively  sanage  overall  responsibility  for  safety  in  the 
U8AF,  dedicated  attention  aust  be  given  to  this  issue.  The 
current  division  of  responsibility  for  anfety  between  the  USN  and 
NSf  (via  its  support  contractor)  does  not  place  adoquato 
attention  on  the  aaauranca  of  a  coaprshansiva  safety  prograa*  If 
aS_fillfi  is  in  charge*  then  no  one  is  held  accountable  to  see  that 
all  aafety  issues  are  aidressed>  When  an  issue  "falls  between 
the  cracks*'  there  is  a  tendency  to  either  point  in  thi-  other 
direction  or  to  siaply  let  Jt  lie  there.  It  is  difficult  to 
apply  the  HOA's  intention  to  any  specific  unaddrassed  or 
aabiguoua  iseue  unless  it  is  currently  causing  iaaediate  and 
urgent  concern* 

Moreover,  DPP  has  not  designated  anxftUfi  with  the  responsibility 
and  authority  to  develoPi  laple»ent  snd  enforce  a  coaprchenaive 
eat  of  policiesf  guidelines  and  regulations  for  progra»-»wld« 
safety. 

Mindful  of  this  urgent  need*  the  Panel  recoaaands  that  th* 
Division  of  Polar  Prograas  eatabliah  a  full-tiae  gafety, 
Savironaent  and  Health  Officer  (SfBO)  who  reports  directly  to  the 
Director »  Diviaion  of  Polar  Prograjsa  (M0T-'4). 

«a  alao  reooaMnd  that  tha  5EH0  •atablieh  and  the  Diviaion  of 
Polar  Prograaa  adopt  a  emprebensive  sat  of  safety  t  enviroimnt 
and  health  (88!)  standards  for  use  by  and  within  the  U.S. 
Antarctic  Prograa.  These  etandarda  should  aiaic  and  adopt  by 
reference •  to  the  extent  fsaaible  in  the  U*S.  Antarctic  Prograai 
environaentt  existing  n.mtional  etandarda  and  practicea  (MOT-S). 

The  Panel  also  considered  the  inherent  difficulty  in  assuring  tho 
sffectivsness  of  3EH  standards  in  n  high  pressure  operational 
environmnt.    There  is  such  a  wide  diversity  of  USAP  activity 
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duriiii  thm  Austral  •luuior  And  th«  pressure  to  squeeze  Just  a  bit 
Mrs  out  of  ovorrono  and  over7-thin9  before  th©  season  closes  is 
so  high  that  effect ivo  enforccMiit  of  the  SEH  standards  is 
necessary  in  order  t  assure  coBplionce.  Thorofore,  the  Panel 
recowofids  that  the  SEIK)  bm  eerpovered  to  Issue  citations  for 
violations  of  tbe  safetr»  envlronsent  and  heaXtH  standards. 
Adaiai strati vs  hearings  and  sanctions  arc  recoooended  as  tools 
for  enforcing  ^he  adopted  safet7»  environoent  mnd  health 
standards.  All  citations  and  subsequent  actions  should  require 
the  attention  of  the  Directori  Diviaion  of  lN>lar  Prograas  Md  the 
national  Science  Foundation  Director  (HOT-9). 

Finally,  recoinixing  the  extrenelr  lnportant»  eve  dominant  rolo 
played  by  the  pries  support  contractor  and  its  eaployees»  th*! 
Panel  reeowsends  that  the  National  Science  Foundation  should 
incorporate  sn  incentiire  clause  for  safety •  environoent  and 
health  performnee  into  the  priM  support  contract  for  the  ViS* 
Anterctic  Prograa.  Annual  goale  should  he  negotiated  betvoen  the 
National  Science  Foundation  and  the  contractor  to  serve  as  the 
hoois  for  revsrds  or  ptiMlties.  (HOT-?). 

SBSO  Support' 

As  the  Panel  began  fornulating  formal  recoeasndations.  it  becaee 
clear  that  a  large  portion  of  th©  work  involved  in  iepleeenting 
thee  would  fall  to  the  SEHO.  Ve  also  roal ised  that  euch  of  the 
wrh  required  is  '*front  end  loaded**,  i.e.*  there  vill  be  an 
intensive  initial  effort  rsquired  to  foreuUte  and  adopt  the 
necessary  guidelines,  standards  and  work  required  once  the 
Standards  are  in  place  should  dseand  a  loeor  level  of  effort* 
Secognising  this  high  initial  worlcload  to  establish  the 
standards)  we  recomaend  that  the  SKHO  be  provided  contractor 
support  to  aocoaplish  his  or  her  assigned  tasks.  Contractor 
support  of  these  tasks  aust  bo  totally  soparato  froa  tho  U«5. 
Antarctic  Prograe  pries  support  contractor  in  order  to  avoid  real 
and/or  perceived  conflict  of  intorset  (M0T«-8). 

Interface  with  CN8FA  and  the  Operations  Support  Contractor 

Wiile  top  level  re»pon«ibility  for  safety  reealns  with  NSF,  the 
day-to-day  iwpleeentatlon  of  safe  practicee  and  procedures  will 
be  the  roeponelbllity  of  the  oajor  supporting  organisations, 
i.e*i  the  NSFA  and  the  operations  support  contractor  (currently 
ITT/AN3)*  The  Panel  assussa  that  the  S^O  will  establish  a  close 
working  relationship  with  the  safsty  officers  of  thsse  two 
organisations*  Such  a  relationship  could  include  the  foreation 
of  a  standing  safety  cooitittee  or  the  equivalent.  It  is 
esssntial  that  the  SEHO  establish  clear  lines  of  responsibility 
and  delegate  operational  authority  for  safety  within  the  areas  of 
prcgraa  responsibility  assigned  to  these  two  organisations. 
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fo  Msur«  there  Ib  no  contamion  as  the  expectation  for 
rMponeivsAM*  on  the  fwirt  of  the  civilian  work  force  to  SEH 
«tuii«rd»  the  Ponei  recouende  that  the  operatione  eupport 
oontrector  be  obliged  within  the  tens  of  lie  eontract  to  coeplr 
with  the  adopted  eefetr  enviroraent  and  health  atendarde  and  any 
aubee^uent  revieione  thereto 

Since  the  current  contract  with  ITT/ANS  is  terainntlng  and  the 
contract  is  open  for  bids,  the  P«nel  feels  It  is  «re«ential  that 
NSF  aaood  the  contract  Request  For  Proposal  (RFP)  to  specify 
apprise  potential  bidders  of  obligotlons  they  would  bj  expected 
to  seat  regarding  the  SEH  standards. 

Uf8*  Navy  Jntarface 

It  la  clear  that  the  USN  interface  needs  to  be  carefully  worked 
out,  reepecting  the  legitimacy  of  both  NSF  oversight  and  the 
existing  USU  safety  syitsB.  The  Panel  realises  that  the  USN 
safety  process,  especially  the  flight  aafety  systee.  is  well 
established  ana  Integra tee  decadee  of  operational  experience. 
Nevertheless*  there  are  adaptationa  neceeaary  for  the  antarctic 
and  tha  cnstoaisation  of  Procedures  should  be  coordinated  with 
the  SEflO.  Additionally,  there  are  aany  interfacoa  between 
and  the  support  contractor  %rhere  boundary  con4itions  need 
aatohing      and     negotiation,  Knvironaental ,  construction, 

electrical  ond  their  codes  and  standorde  mnr  differ  siightly  and 
create  unnecessary  conflict  if  not  coordinated* 

Regarding  the  general  topic  of  flight  safety,  the  Panel  does  not 
epeclfy  how  HSF  and  the  USN  should  provide  SEKO  oversight,  but  it 
enphaaiiees  that  oversight  aust  be  provided.  This  recoaaendation 
should  not  be  interpreted  as  supporting  in  any  vay  an  intrusion 
into  the  USN  flying  safety  procedur'^e  Bfir_aj^.  The  Panel  dooa  not 
support  or  advise  direct  aanageaent  of  the  VXE  6  day-to-day 
operational  Uecieion  procees.  The  Panel  supports  assii^ning  to 
the  operational  level  both  the  authority  and  responsibility  for 
safe  bperationa  while  maintaining  top  level  oversight  to  iiee  that 
this  delegation  is  properly  executed  according  to  established 
procedures . 

There fore f  the  Panel  recoaaends  that  the  National  Sciance 
Foundation  ahould  negotiate  eith  the  U«S»  Navy  and  incorporate 
irithin  a  ravised  meaorandM  of  agreeaent  the  asana  whereby  the 
safity  environaent  and  health  standarda  and  thsir  enforeeaent 
will  be  affected  within  U.S.  Antarctic  Program  reeponeibilitiea 
aeaigned  to  the  U#S«  Havr.  If  otherwise  applicable  U«S«  Navy 
regvlatione,  practices  or  etandarde  are  lees  stringent  than  those 
adopted  for  the  UfSt  Antarctic  Progra«f  the  U.s,  Antarctic 
Prograa  safstyy  environaent  and  health  standards  should  apply  in 
practice  (HOT-IO)- 
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Individual  R#apoii«ibillty 

In  practle*,  safety  cgnso*  down  t  thm  individual.  Muny  factors 
contribute  to  safe  performancv  on  the  i>«rt  of  individuAla, 
including  training,  ikill,  attention,  attitude,  Judgaent, 
axi^riencfl,  and  other  factore.  Some  of  these  factors  are 
addressed  aisewhere  in  this  report.  However,  In  i^omt  cnses,  * 
neceeasry  prerequisite  to  gcod  perfornsncs  is  knowledge  of  what 
is  expected- 

Therefor St  the  Panrl  recoswends  that  a  safety  code  of  conduct 
for  U.S.  Antarctic  Profrsm  participants  be  coapiled  snd  issued  to 
each  individual  in  the  progrsm  regardlass  of  affiliation.  This 
code  of  conduct  should  be  prepsred  under  the  dimotion  of  the 
SEHO  and  should  reflact  the  adopted  safety ^  environaent  srJ 
health  standards  and  policies  of  the  USAP  as  they  apply  to  the 
individual  (MOT-U)* 

With  regard  to  tha  final  comments  on  the  Initiative  with  regard 
to  Increase  To  Baas  fludttet.  j  am  in  strong  agreement  that  these 
itess  deserve  support  and  that  they  Justify  an  increase  in  the 
operating  costs  of  the  USAP. 


Finally,  X  w^uld  like  to  note  that  I  im  mindful  of  strong 
criticism  of  NSF's  operating  procedures  and  scientific  mission 
activities  by  persons  and  organlr,At  ions  concorned  with  the 
preservation  of  Antarctica's  pristine  environment.  That  auch 
needs  to  be  dons  in  Antarctica  Is  evidenced  by  the  Safety  Review 
Panel *»  fairly  detailed  and  I  believe  carefully  reasoned  Report. 
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X  b#li9v«  our  rvcoMMdatlons  i>rovitl«  NSF  with  &  buseiine  from 
which  tho  Agency,  yriven  ti«ef  fundinf  nnd  n  flm  commitment  can 
ftjch  sons  effoctively  b«gln  to  Ai«9ur«  environmentAl  prcscrvatton 
and  iB«nAi|«Aefit  in  Antarctica*    Thank  you. 

Hespoctfulljr  lubBiited, 

Robort  W.  Cr^ig 
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Mr.  Walorsn.  Thwik  you,  Mr.  Craig.  I  appreciate  that  very 
much. 
Mr.  Manheim? 

STAI^BIENT  OF  BRUCE  S.  MANHEIM,  JR.  ATTORNEY  AND 
SCIENTIST,  ENVIRONMENTAL  DEFENSE  FUND 

Mr.  Manheim.  Thank  you,  Mr.  Chairman. 

I  appreciate  the  opportunity  to  appear  today  on  Uie  subject,  a 
very  important  subject,  of  environmental  practice  observed  by  the 
Natumai  Sdence  Foundation  at  VS.  research  bases  in  Antarctica. 

This  hearing,  indeed,  marks  the  first  time  in  more  than  a  decade 
that  Congress  has  serioudy  considered  this  very  important  issue.  It 
has  now  beoime  clear,  in  light  of  a  number  of  reports,  including 
ibis  very  valuable  Safety  Panel  report  produced  by  NSF,  that  a 
number  of  nations  operating  in  the  Antarctic,  including  the  United 
l^tes,  have  failed  to  r&lucs  pollution  from  research  ba^  or  to 
minimize  impacts  to  Antarctic  wildlife. 

Indeed,  the  environmental  practices  of  the  National  Science 
Foundation,  the  Fedeml  agency  r^ponaible  for  U.S.  scientiflc  re- 
search in  Antarctica,  we  believe,  would  not  be  permitted  anywhere 
in  the  United  States.  For  that  reason,  we  welcome  NSF's  recent 
initiative,  which  calls  for  $5  million  over  the  course  of  fiscal  year 
1990  and  $30  million  for  the  next  5  yrars  to  addr^  these  environ- 
mental problems. 

However,  as  my  fellow  panelist,  Mr.  Craig,  has  pointed  out,  I 
think  quite  correctly  ,  the  initiative  falls  short.  And  we  believe  it 
should  be  revised,  expanded,  and  expedited,  so  that  not  only  does  it 
meet  its  own  stat^  objectives  but  it  also  addre^^  the  full  ran^  of 
environmental  practices  and  impacts  caused  by  U.S.  activities  in 
Antarctica. 

Specifically,  NSF's  initiative,  I  think,  is  important  for  at  least 
four  reasons.  First,  scientific  research  is  having  an  increasingly  sig- 
nificant impact  on  Antarctic  wildliffe.  The  Itms  of  more  than  50,000 
Adelie  penguins  at  the  Cape  Hallett  base,  which  was  formerly 
jointly  operated  by  the  Unittrf  States  and  New  Zealand,  as  p  result 
of  scientific  research,  is  simply  one  of  many  examples  of  that  prob- 
lem. 

Secondly,  sound  environmental  practi(^  at  U.S.  research  bases 
and  other  bases  in  the  Antarctic  ultimately  will  protect  important 
scientific  research  that  is  taking  place  there.  We  had  a  very  good 
reminder  of  that  axiom  just  in  January  with  the  shipwreck  of  the 
Bahia  Paraiso,  the  spillage  of  literally  thousands  of  gallons  of 
diesel  fiiel,  the  loss  of  several  sensiti>^  breeding  rookeries,  and, 
more  importantly,  the  loss  of  perhajn  up  to  25  years  of  scientific 
rraearch  at  Palmer  Station. 

Third,  these  impacts  on  the  environment  and  rraearch  are  likely 
to  increase  as  the  growing  number  of  nations  intsi^ted  in  Antarc- 
tica's potentially  vast  r^urt^  turn  their  attention  to  the  conti- 
nent. Indeed,  for  a  nation  to  have  voting  status  under  the  various 
agreements  that  govern  Antarctica,  it  must  first  conduct  a,  "sub- 
stantial scientific  r^earch  activity"  in  Antarctica.  That  efflentially 
is  translated  into  establishing  a  base  there.  "Riere  are  now  16  na- 
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tions  that  have  acceded  to  the  treaty,  and  several,  if  not  many,  of 
titeui  may  soon  develop  baaes  in  Antarctica. 

Finally,  the  Importance  of  the  NSF  initiative  is  heightened  by 
tt^ae  veiy  mxnt  intematicmal  efforts  Uiat  are  underway  to 
strengthen  guidelines  governing  waste  diaposal  and  other  environ- 
mental impa***?  in  Antarctica.  Indeed,  if  NSF  were  to  adopt  strict 
oontrols  on  ll^.  activities  and  their  waste  disposal  problems,  then 
State  Department  diplomats  will  be  in  a  much  stronger  position  to 
press  for  more  comprehensive  environmental  protection  controls 
wten  the  rather  antiquated  1975  Antarctic  Treaty  Code  of  Conduct 
cm  Waste  Disposal  comes  up  for  revision  in  October  in  Paris  later 
uda  y^. 

As  NSF  pointed  out  in  its  1980  programmatic  environmental 
impact  statement,  perhaps  the  most  significant  impact  from  the 
U.S.  Antarctic  program  in  Antarctica  is  just  simply  the  addition  of 
foreign  materials  to  that  pristine  environment.  More  than  2,000 
tons  of  cargo  and  up  to  7  million  gallons  of  petroleum  products  are 
shipped  there  each  year.  Unfortunately,  virtually  all  of  these  mate- 
rials have  been  essentially  left  there  as  pollutants.  For  example, 
untreated  sanitary  wastes,  very  likely  containing  toxic  chemi<»ls, 
ar^  discharged  into  Antarctic  waters.  Comlmstible  solid  wastes  are 
burned  in  open  mts  with  no  emissions  controls  what«)ever.  Non- 
combustible  solid  wast^  have  been  bulld^sEsd  into  an  open  refuse 
pit  or  onto  annual  era  ice.  Hazardous  wastes  are  useo  to  ignite 
open-pit  bums,  and  diesel  foel-powered  generators  release  particu- 
late emissions  without  any  controls  whatmever. 

Not  only  would  those  actions,  vrore  they  to  be  undertaken  in  the 
Umted  States,  violate  U.S.  laws  such  as  the  Clean  Air  Act  or  Clean 
Water  Act,  the  Resource  Ccmservatlon  and  Recovery  Act,  but 
indeed,  they  even  contravene  the  much  less  rigid  international 
rules  that  have  been  set  up  to  govern  waste  disposal  in  AntaiY:tica. 

For  example,  tlie  19fi4  Agreed  Measures  required  all  nations,  in- 
cluding the  United  States,  to  take  all  reasonable  steps  to  reduce 
pollution  of  waters  adjacent  to  the  coast  Yet,  because  U.S.  disposal 
practices,  some  of  which  were  by  the  Navy,  contributed  to  this 
problem,  bottom  sediments  in  the  waters  near  McMurdo  Station,  in 
terms  of  PCB  and  heavy  metal  concentrations,  are  more  polluted 
than  virtually  any  waterways  in  the  United  States. 

Moreover,  NSF  has  consistently  failed  to  observe  those  laws  that 
do  clearly  apply  to  Antarctica.  That  includes  a  1978  executive 
order  issued  by  President  Carter,  Executive  Order  1^)88,  that  re- 
quires the  agency  to  comply  at  a  minimum  with  the  1975  Antarctic 
Treaty  Code  of  Conduct  on  Waste  Disposal.  It  also  includes  the 
Antarctic  Conservation  Act,  which  also  was  passed  in  1978,  and 
mandated  NSF  to  establish  a  pollution  control  program.  Unfortu- 
nately, a  decade  later,  that  pollution  control  prc^p'am  stUl  dora  not 
racist. 

To  be  brief,  I  would  just  like  to  endorse  many  of  the  remarks 
that  were  made  by  Mr.  Craig.  We,  too,  are  disappointed  that  NSFs 
initiative  does  not  satisfactorily  address  waste  water  discluurges. 
There  are  a  number  of  nations  in  Antarctica  that  will  do  a  better 
job,  even  if  NSF  is  successful  in  obtaining  money  and  implement- 
ing what  it  proposes  to  do  as  far  as  waste  water  discharges. 
include  Poland  and  Brazil,  which  reportedly  treat  their  sewage  at 
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resmrcH  stations,  and  ajqiarenUy  reduce  it  to  secondary  treatment 
levels* 

The  Scientific  Cmnmittee  on  Antarctic  Research  recently  recom- 
mended  certain  types  of  t^nology  that  U.S.  research  stations 
should  adopt  in  Antarctica  to  BMresa  that  pn^lem,  and  we  believe 
shiHild  heed  thow  i^onitions. 

As  far  as  solid  waste  disposal  goes,  we  have  serious  concerns 
alxmt  NSFs  craitinued  (dans,  apparently,  to  maintain  a  landfill  at 
Mi^uido  base.  That  landfill  has  been  tiiere  since  19S0  despite  a 
1^5  Code  of  Condi»:t  intematumal  i»ohibition  on  landfills  in  Ant- 
arctica«  Indeed^  NSP  now  apparently  proposes  to  ^tablish  yet  an- 
other landfiil  at  McMurdo  with  Uie  burial  or  rather  coveiing  over 
of  po»ibiy  hazardous  wastes  at  the  Winter  Quarters  Base  site. 

We  believe  that  solid  wastes,  i^rticularly  noncombustible  solid 
wastes,  hazardous  wastes,  chemical  wastes,  combustion  ash,  and 
evM  in  Bome  cases  solid  vmstes  that  are  combustible  mue"^  be  re- 
moved from  Antarctica.  Tius  should  certainly  be  the  highest  priori- 
ty of  tha  National  Sciem^  Frandation. 

It  is  not  technologically  impossible  to  do  that  In  fact,  50  percent 
1^  the  nations  that  currently  operate  in  the  Antarctic  do  undertake 
these  8o<^ied  retrc^rading  activities,  and  in  fact  NSF  succ^fuUy 
took  biu^k  more  than  1*7  kilograms  of  materials  last  year.  So  this  is 
something  that  we  belies  i^ould  be  pursued  on  an  uinual  basis. 

Atmospheric  emissions  are  yet  another  problem.  There  are  basi- 
cally two  sources,  one  from  the  di^l  fuel  generators  that  are  used 
to  provide  energy  to  ra^arch  Ibises  there.  In  fact,  ironically 
enough,  the  power  generators  that  are  used  at  McMurdo  haw  are 
required  to  control  their  emissions  in  the  m<^  heavily  polluted 
parts  of  the  United  States;  yet  there  are  no  controls  on  these  gen- 
erators in  perhaps  the  most  pristine  atmosphere  in  the  world. 

Moreover,  open*pit  burning  of  a>mbusUble  wastas  is  another  seri- 
ous source  of  air  pollution  in  the  Antarctic.  Not  only  does  it  threat- 
en terrestrial  lichens  up  to  miles  away  but  also  has  apparently 
interfered  with  certain  atmospheric  studio  that  are  taking  place  at 
that  station  and  other  stations. 

Australia,  Brazil,  Korea,  and  several  other  nations  have  installed 
controlled  incinerators;  there  is  no  reason  that  the  United  States 
cannot,  aim. 

The  initiative  dora  call  for  a  design  of  an  incinerator  at 
McMurdo,  but  that  leaves  open  the  notion  that  this  open-pit  burn- 
ing Will  continue  at  Palmer  base  and  also,  to  a  lesser  extent,  South 
Pole  station.  We  cannot  endorse  that,  nor  can  the  National  Scienw 
Foundation, 

And  finally,  just  to  be  very  brief,  there  are  two  other  plac^  that 
NSF  initiative  should  be  exjmnded.  One  is  in  terms  of  essentially 
establishing  a  more  effective  enforcement  mechanism  to  protect 
Antarctic  wildlife  in  prot^rted  areas,  and  also  to  est£^lish  a  mecha- 
nism to  monitor  and  asse»»  environmental  impacts  from  U.5.  ac- 
tivities in  Antarctica. 

Let  me  stop  now  because  of  time,  and  I  would  be  happy  to  wel- 
come any  questions. 

{The  prepared  statement  of  Mr.  Manheim  follows:] 
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Mr.  CtmirMn  and  H«abars  of  th«  Subc<»ralttee: 

ThanX  you  for  tha  invitation  to  ai^ar  bafora  tha 
SubCCTmittea  on  tha  subjact  of  onvironBantal  protaction  practicas 
follcvail  by  the  United  states  at  its  scientific  rasearch  baaes  in 
Antarctica.    This  hearing  marto  tha  firat  tiaa  in  aore  than  a 
decade  that  Congxesa  has  aeriously  considered  this  important 
issue*    It  has  now  becooe  clear  that  a  number  of  nations 
(grating  in  Antarctica,  including  the  United  States,  have  failed 
to  reduce  pollution  fros  research  bases  and  to  minimize  impacts 
to  Antarctic  wildlife.     Indeed/  the  environisental  practices  ot 
the  National  Science  Foundation  (H5F)  —  the  federal  agency 
responsible  fox'  U.S.  scientific  research  in  Antarctica  —  would 
not  be  penaitted  anywhere  in  tha  united  states.     For  that  leason, 
we  welcoae  NSF's  recent  initiative  which  calls  for  $5  million  for 
FV  1990  and  $30  aillion  for  the  next  five  years  to  address  these 
environmental  prcblens.    We  believe ^  however,  that  KSF's  proposal 
snust  be  revised,  expanded  and  expedited  so  that  it  meets  its 
stated  objectives  and  addresses  the  full  range  of  environmental 
iopacts  caused  by  U.S.  activities  in  Antarctica. 

X.   BACKGKOUKD:   IKFORTANCE  OF  THE  NSF  ENVXRONHENTAL  INITIATIVE 

With  the  adoption  of  the  Antarctic  Treaty  in  1959, 
international  scientific  research  in  Antarctica  has  flourished. 
Today,  more  than  50  bases  operated  by  22  nations  have  been 
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Mtabaish^  on  the  continent.    Because  Antarctica  derives  much  of 
its  scientific  value  fro»  its  relatively  uncontaainated 
condition,  it  is  rather  ironic  that  the  day-to-day  operation  of 
these  bases  is  currently  the  major  source  of  pollution  there. 
Three  recent  reports  have  recently  focused  attention  on 
environnental  iapacts  froia  the  four  basM  that  the  U.S. 
maintains  in  Antarctica:  •*0n  Thin  Ice:  The  Failure  of  the 
National  Science  Foundation  to  Protect  Antarctica*"  by  the 
Environmental  Defense  Fund  (EDF) ;  nsp's  ^snvironeental  Protection 
Agenda,"  and  ••Safety  in  Antarctica*  by  NSF's  Safety  Review  Panel, 
As  a  result  of  these  efforts  and  the  videapread  publicity  they 
received,  there  is  strong  public  support  for  improvement  of 
environsmntal  practices  at  these  installations  (see  attached 
editorials).    There  are  at  least  four  reasons  for  these  views. 

7irstr  scientific  research  bases  in  Antarctica  are  having  an 
increasingly  significant  impact  on  Antarctic  wildlife.  Although 
the  Antarctic  ice  sheet  is  virtually  baxrren  of  terrestrial  life, 
saall  ice-free  areas  along  the  coast  and  nutrient  rich  waters 
surrounding  the  continent  provide  essential  habitat  for  Biyriad 
penguins,  seals  and  other  marine  species,    it  is  within  these 
fragile  areas,  which  only  constitute  1-2 1  of  the  continent,  that 
scientific  bases  have  been  established.    As  a  result,  Antarctic 
ssarine  life  aust  inevitably  compete  with  research  installations 
for  liaitod  breeding  areas.    The  loss  of  nore  thM  50,000  Adelie 
penguins  In  just  nine  years  fros  construction  and  operation  of 
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Cap*  Hallatt  basa  by  tha  United  Statos  and  H«v  Zealand  makes 
clear  that  tho  fragile  Antarctic  environs^t  generally  is  losing 
the  battle. 

Second r  sound  environ&ental  practices  at  research  bases  in 
Antarctica  will  ultimately  protect  vitally  important  scientific 
research  taking  place  there.    Indeed,  retaining  Antarctica's 
pristine  condition  is  critical  il  the  continent  is  to  serve  as  a 
useful  scientific  laboratory  and  as  a  baseline  standard  for 
sonitoring  global  atsospheric  processes  such  as  stratospheric 
osone  depletion  and  global  climate  change*    Currently,  untreated 
sevage  discharges  and  toxic  wastes  foul  the  waters  of  this 
laboratory,  while  emissions  from  {^wer  generators  and  open  pit 
burns  contaminate  its  atmosphere.  The  sinking  of  the  £fihiA 
l>ftraiso  —  the  Argentine  research  supply  ship  that  spilled 
thousands  of  gallons  of  oil  near  Palmer  station  in  January  — 
demonstrates  the  importance  of  protecting  the  environment  so  that 
scientific  research  can  also  be  preserved* 

Third,  these  impacts  on  the  environment  and  research  are 
bound  to  increase  as  the  global  community  turns  its  attention  to 
exploiting  Antarctica's  potentially  vast  living  and  non-living 
resources.    Indeed,  nations  will  first  look  to  small  ice-free 
areas  along  the  Antarctic  coastline  to  establish  research  bases. 
That  is  because  a  nation  must  "conduct  a  substantial  scientific 
research  activity"  in  Antarctica  before  it  can  achieve  voting 


-  3  - 


505 


status  under  the  Antarctic  Treaty.    Nations  that  have  recently 
devslopsii  |>a8e8  and  becme  voting  maabers  include  China,  Uruguay, 
India,  Brazil,  Spain,  and  Sweden.    Last  year,  Foru  vithdrev  its 
application  for  aeaJ^i^ip  since  it  did  not  maintain  a  base. 
Tills  year,  Peru  sstablishsd  a  ressarch  bass  but  its  supply  ship, 
the  JtyabfildS;*  ran  into  rocks  on  departing  froa  Antarctica.  The 
BUtoequent  oil  slick  portends  ths  serious  iapacts  that  aay  occur 
iihen«  and  if,  the  16  other  nations  that  have  acceded  to  the 
Treaty  Cavelop  bases  in  Antarctica* 

Finally,  this  issue  is  significant  because  international 
efforts  are  currently  underway  to  strengthen  guidelines  governing 
waste  disposal  and  other  environnental  ispacts  in  Antarctica,  in 
1987,  the  Antarctic  Treaty  parties  adc^ted  new  procedures  to 
assess  envirownental  iopacta.    Later  this  year,  the  parties  will 
consider  a  report  by  the  Scientific  Committee  on  Antarctic 
Research  (SCAH)  that  reconnaends  revisions  to  the  Code  of  Conduct 
on  Waste  Disposal  adopted  by  the  Antarctic  Treaty  parties  in 
1975.  Clearly,  if  NSF  were  to  adopt  strict  controls  that  address 
environmental  pollution  in  Antarctica,  then  the  united  States 
would  be  in  a  much  stronger  position  to  press  for  more 
coi^rehensive  environmental  protection  when  the  code  of  Conduct 
c<mes  up  for  revision,  indeed,  this  is  particularly  important 
since  KcKurdo  baao  with  its  1500  inhabi  ants  accounts  for  almost 
half  of  all  Antarctic  summer  residents. 
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Foundaticm  has  daclared  tluit  tho  parpos«  of  its 
initiative  is  to  **rleBn  up  debris  trvm  past  operations,  and  to 
toing  prssent  oparationsT  into  a9r«o&ent  with  current  regulations, 
prevailing  attitudes,  and  cuxrrant  technology* »  Unfortiuiately,  KSF 
has  not  sat  out  a  detailed  tise  scale  for  implenentation  of  this 
initiative  nor  has  it  ident:  tied  relative  priorities  or  costs  of 
particular  projects.    As  a  result,  we  have  anslyzed  NSF*s 
initiative  in  light  of  the  requireiaents  of  domestic  environmental 
lavs  and  the  reconmendatioais  contained  within  SCASt's  recent 
report.    At  the  same  tiros,  we  have  focused  on  other  nations' 
efforts  in  Antarctica  to  ascertain  precisely  what  can  be  done, 
"H^ese  actions  deronstrate  that  strict  pollution  control  methods 
are  technologically  possible  in  Antarctica  and  that  the  United 
States  iihould  follow  their  example.     To  that  end,  our  testimony 
evaluates  the  extent  to  which  HSF*s  initiative  will  (i)  reduce 
pollution  from  research  bases;  (2)  prevent  impacts  to  Antarctic 
wildlife  and  protected  areas;  3nd  {3}  include  assessment  and 
monitoring  of  environmental  impacts. 

II.  REDUCIKG  POLLUTION  FROM  SCIENTIFIC  RESEARCH  ACTIVITIES 

As  pointed  out  by  NSF  in  1980,  perhaps  the  greatest 
environmental  impact  of  the  U.S.  Antarctic  Program  is  the 
addition  of  foreign  materials  to  a  pristine  environment.  Kach 
year,  more  than  2000  tons  of  cargo  and  7  million  gallons  of 
petroleum  products  are  shipped  to  u.S*  bases  in  Antarctica, 
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tJntil  vsry  recwitly,  virtually  all  of  thase  aatarials  were 
ultlMtaly  Imtt  behind  as  pollutanta  in  Antarcrtica.  Indeed, 
although  NSF  has  recently  stepped  up  it»  ef forta  to  raaicrve 
accrued  wastes  froxa  the  continent,  its  current  practices  still 
result  in  significant  pollution.    For  exraple,  untreated  sanitary 
wastes  that  very  likely  contain  toxic  chemicals  are  discharged 
into  Antarctic  waters;  cowbustible  solid  wastes  are  burned  in 
open  pits  with  no  esission  controls  whatsoever;  non-coabustible 
solid  wastes  are  bull -dozed  into  an  open  refuse  pit?  hazardous 
wastes  are  uaed  to  ignite  open  pit  bums?  and  dissel-fueled  power 
generators  release  particulate  eaisBions  without  any  controls. 

onfortunately,  certain  of  these  actions  have  contravened 
international  rules  governing  waste  disposal  in  Antarctica*  For 
example,  the  1964  Agreed  Measures  for  the  Conservation  of 
Antarctic  Fauna  and  Flora  require  all  parties  to  "take  all 
reasonable  steps  towf -ds  the  alleviation  of  pollution  of  waters 
adjacent  to  the  coast  and  ice  shelves.  "  Vet,  until  1986,  the 
U,S.  routinely  bull-do«ed  garbage,  possibly  including  hazardous 
wastes,  onto  annual  sea  ice  near  McKurdo  Station.    As  the  ice 
melted,  this  debris  sank  into  and  polluted  waters  near  the 
station,    indeed,  a  19B3  NSF  study  dexionstrated  tnat  bottom 
sediments  ii\  the  waters  near  MCKurdo  are  more  heavily  polluted  in 
terms  of  PCS  (polychlorinated  biphenyl)  and  heavy  metal  {lead  and 
cadmium)  concentrations  than  virtually  all  estuaries  and  bays  in 
the  United  states.    The  U,S.  has  also  failed  to  observe  the  1975 
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Trmty  Cods  of  tomhiot  cm  Wast*  Di^Ml  its  at  I«a«t  thn«  vayB. 
71mm  violations  includa  diachar^ing  untraatad  sanitary  vaatas 
witlmat  Mcaration,  aaintainiitg  a  landfill  at  Mc^furdo  base,  and 
discarding  plastics  into  that  landfill* 

Tlisso  practicaa  ara  particularly  troublini  in  light  of 
Bxacutiva  Ordsr  12088  ami  Section  6  of  the  An^^rctic  conservation 
Act.    Thm  fonoar  requiras        to  coiq>ly  with  ^^anviroranental 
pollution  control  standards  of  ganaral  applicability**  in 
Antarctica*    Although  NSF  concluded  in  the  early  i9S0*s  that  the 
Coda  of  Conduct  contained  those  standards,  it  has  failed  to 
observe  thea.    Koreover,  NSF  has  ignored  procedural  requirenenta 
under  the  Order,  including  pericxlic  consultation  with  the 
Environaental  Protection  Agency  (EFA)  •    As  to  cmplianca  with  the 
Antarctic  Conservation  Act,  KSF  has  been  equally  reoiss*  That 
1978  statute  directs  HSF  to  issue  regulatio^ts  that  identify 
pollutants  in  Antarctica  ami  to  specify  Msauras  controlling  such 
discharges*,    unfortunately,  those  regulations  have  never  been 
proeuigated  and  the  pollution  control  progras  that  Congress 
envisaged  for  Antarctica  sore  than  a  decade  ago  hae  never  been 
realized. 

The  Foundation  nust  strictly  observe  these  raquireronts  if 
the  U.S.  is  to  have  any  hand  in  addressing  the  serioiis  record  of 
non-co^liance  with  thm  Cods  recently  docuxsantad  by  SCAR*s 
special  panel  of  experts  on  wast«i  disposal*    Their  draft  report 
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found  that  60%  of  Antarctiic  baM»  burn  chemical  wa«tos  in  opan 
pita  rather  Seating  or  reroving  than  from  the  Treaty  area. 
Noreovar,  alTOat  75%  of  all  baaas  maintain  open  bums  with  no 
esiaaiona  monitoring  or  controla  at  all.    Deapite  those  findings, 
the  SCAR  report  also  makes  clear  that  a  number  of  nations  arm 
doing  a  better  jcb  of  protecting  Antarctica  than  the  united 
States.    Drawing  on  the  experience  of  these  nations,  the  panel 
recommended  revisions  that  muld  significantly  strengthen  the 
1975  code  of  Conduct.    Most  significantly,  it  suggested  that 
national  environmental  standards  should  at  a  minimum  be  observed 
in  Antarctica.    Unfortunately,  NSF's  initiative  would  neither 
implement  many  of  SCIVR's  important  recommendations  nor  would  it 
satisfy  national  standards  in  controlling  wastewater  discharges, 
solid  wastes,  hazardous  wastes,  and  atmospheric  emissions « 

A.  HA5TEWATER  DISCHARGES 

For  the  past  30  years,  both  McMurdo  and  Palmer  stations  — 
the  U.S.  coastal  stations  in  Antarctica  —  have  discharged 
untreated  raw  sewage  into  Antarctic  waters.    In  1980,  NSF 
indicated  that  such  discharges  could  impact  local  marine 
ecosystems*    subsequently,  a  1984  report  prepared  for  NSF 
recosoiended  at  least  primary  treatment  in  light  of  substantial 
concentrations  of  fecal  coliform,  ammonia,  and  hydrogen  sulfide 
detected  in  the  waters  off  HcHurdo  base*    Hore  recently,  a  1968 
NSF  contractor  observed  a  '^signif  icant  algal  jK^pulation"  on  the 
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opmn  wat«r  naar  the  HcMurao  outf  a13  .    Kwavor*  daspit«  these 
oteervations,  nsf*s  nev  initiative  fails  to  coamit  to  any 
tnatMAt  of  vaatavater  dischar9eo  other  than  installing 
8Utaet>9ttd  outfalls  and  macarators  (which  ware  required  in  1975) 
and  qontinued  monitorii^« 

Sjpecif icaliy«  NSF's  propoMl  to  treat  vastevater  would  not 
aat^isfy  national  standards  under  the  Clean  water  Act  nor  would  it 
likely  c<»aply  with  a  newly  revised  Code  of  CotKSuct  on  Haste 
Dis]^>sal.    Indeed,  SCAR's  panel  of  experts  on  waste  disposal 
reconaended  that  sewage  froa  bases  with  nor©  than  30  people 
ohould  he  treated  with  rotating  biological  contactor  systems 
{RBC*s} •  These  units  reportedly  reduce  biological  oxygen  demand 
and  suspended  solids  to  secondary  treatment  levels.  They  are 
currently  used  at  a  few  coastal  stations  where  they  work  quite 
well  even  at  relatively  low  temperatures.    The  approximate  cost 
of  installation  of  rbc's  is  between  $500,000  and  a  million 
dollars*  UXe  Poland  and  Brazil,  ^ich  treat  sewage  at  their 
research  stations,  nsf  should  reduce  wastewater  discharges  to 
secondary  treatisent  levels  initially  for  McNurdo  base  and  then 
FaXner  station* 

Toxic  chemicals  may  also  be  routinely  discharged  along  with 
untreated  sanitary  wastes  at  HSF's  coastal  installations. 
inasmi2ch  as  many  of  these  chemicals  appear  on  KPA's  list  of 
"toxxc  priority  pollutants,    NSF  would  be  required  under  the 
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ClMn  irat«r  hat  to  adqpt  strict  ttftluMt  liaitatiom* 
tmfortnmitaly,  b«cAUM  mstavatw  dischargM  hav«  not  bean 
amltoxttd,  it  is  uiK^rtain  as  to  ■pacifically  i*hicto  toxic 
aiO^atancas  actually  antar  Antarctic  watara.    Navarthaiaaa,  it  ia 
avitfant  that  audi  diaaicf  a  |»oaa  a  aignif  icant  thraat  to  tha 
anvironmant  and  alao,  aa  tha  Safaty  FanaX  rinport  recognizad, 
poaaibly  to  huaum  haalth.    Accordingly,  wa  strongly  sui^rt  NSF*« 
propoaaX  to  undartoka  cc»prahanaiva  ivnitoring  of  tha  Mdturdo  and 
FalMr  outfalla.    Roravarr  if  toxic  chaaicala  ara  datected,  NSF 
auat  includa  in  its  initiativa  a  cooaitaent  to  alininata  tha 
aourca  of  this  pollution  iaaediataly. 

B.  SOLID  HASTE  DISPOSAL 

Tha  diapoaal  of  solid  wastes  at  U.S*  Antarctic  raaearch 
baaas  ovar  tha  paat  thraa  decadaa  also  raises  sarious  questions. 
Thaaa  vaataa  hava  aithar  bean  discarded  in  open  diunps  that  ara 
periodically  burned,  dunpad  at  aaa,  or  buried  in  a  landfill* 
HhiXe  NSF  haa  declared  that  ocean  dui^ii^  haa  ceaaad  and  its 
initiative  suggests  that  open  burning  »ay  be  discontinued,  it 
apparently  plana  to  continue  operation  of  a  landfill  at  the 
Fortress  Rock  site  near  McMurdo  base.    That  action  flatly 
violates  the  1975  Code  and  contravanaa  SCAR>s  recoiasBandationa  for 
reviaiona  to  the  new  Code*    It  is  i^rticularly  problaaatic  in 
light  of  the  Safety  Panel's  finding  that  runoff  froa  the  fill  ia 
polluting  Antarctic  waters.    Rather  than  explicitly  addressing 
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till*  problm,  hawmmrf  Nsr  prepwM  to  Mt^abliiOi  MMntlally 
Anotliw  landfill  at  th«  forMr  VLntvr  QuwtWTB  Bay  dio^itn. 

l^P  hmm  slowly  mov«d  Mtarials  but  now  it  is  c^no^nml 
tluit  hasardous  vastas  could  bo  ro-Mobilisod*    ifhilo  wm  ai^^rociata 
that  coitoom#  va  cannot  andorsa  thaaa  lamlfilla.    Nsr  momt  claan 
up  tbaaa  aitao  aftar  taking  tha  necasaary  actions  to  anauro  tliat 
vaatas  ara  not  ralaasad. 

Bacauaa  solid  vaatas  dapositod  in  Antarctica  vill  raaain 
thara  for  decades  if  not  foravar,  SCAR  recoraendad  that 
nm'Ccmbuatibla  vastes  ami  plaatica  should  ba  removed  froa  the 
irraaty  araa*    Nora  than  half  of  tha  rasaarch  basaa  in  Antarctica 
raaova  all  non'MTosabuatibla  vaatas  and  at  laaat  15%  return 
coabuatibla  vaatas  as  vail.    Racantly,  nST  did  return  vera  than 
1*7  million  Kilograms  of  Mtariala  to  tha  Onitad  States •  Thasa 
efforts,  which  should  ba  ai^laudadr  daaonatrata  that  NSP  can 
afford  to  reaova  vaatas  froa  Antarctica  and  that  such  actions 
should  be  undertaken  on  an  annual  basis,    Yet,  rather  than 
ooaaitting  to  this  Mthodr  tha  initiative  calls  for  furthar 
asaaasaant  of  solid  vasts  disposal  eyatams  to  develop  inforaation 
on  alternative  t€K::hniquas.    Xnasauch  as  a  nuabar  of  studies  have 
already  baan  undertaken,  nnd  both  SCAR  and  tha  Safaty  Panel  have 
racoaaendmi  raaoval  of  vaatas,  it  is  tiM  for  NSF  to  take 
substantive  actions  that  addrass  thasa  problass.  Accordingly, 
NSF* a  nev  initiative  ahould  coaait  to  removal  efforts  of  solid 
vastaa  on  an  annual  basis « 
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C.  RAUroOVS  HASTE  KAHACEKIOT 

Antftrotic  ru^arch  basn  typically  also  produce  "haEardous 
wastaa**  that  sunt  hm  raatwad  txtm  Antarctica.    Sue*  vaataa 
ineluda  rpant  battery  acid,  industrial  aolvanta,  laboratory  and 
l^tograi^ic  chaaicala,  contaainatad  vaata  fuals,  and  crabustion 
ash.  At  laaat  is  raaearch  baaas,  including  thoaa  oparatad  by 
Japan,  Italy,  and  China,  rarcvA  »uch  vaatas  on  an  annual  baaia* 
Only  racantly  hava  U.S.  installations  alao  h&pm  to  ro&ova 
particular  hazardous  wastes  fron  Antarctica.    For  example,  during 
tha  19B7-BB  season,  NsF  finally  raturned  hundreds  of  barrels  of 
vaata  oil  that  had  awaited  shipment  out  of  ^tarctica  for  years. 
NSF'a  initiative,  which  is  silent  on  the  question  of  hazardous 
waste  sanageaent,  must  include  a  ccmait^sent  to  remove  such  wastes 
each  year,     tike  more  than  50%  of  the  bases  operating  in 
Antarctica,  NSF  must  promptly  resove  all  chemical  wastes  and 
coabustion  ash  from  the  Treaty  area. 

Moreover,  u,s.  bases  must  be  prepared  to  contain  and  clean 
up  spills  of  hazardous  waste,  oil  amS  fuel.    The  recent  oil 
spills  involving  the  Bahia  Paraiao  and  H^aygldt  clearly 
dasonstrats  the  nsod  for  oil  spill  cleanup  equipment  on-site  at 
both  McKurdo  and  Palmer  stations.    We  strongly  support  NSF*s 
proposal  to  locate  this  equipment  in  Antarctica,    At  the  same 
time,  it  must  be  emphasized  that  those  shipwrecto  were  net  the 
only  incidents  involving  fuel  spills  in  Antarctica  this  season* 
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XnaMd,r  in  NovnlNir  alwaat  24,0Q0  ^allom  of  jat  fusl 

«Plll«il  mt  Willlaas  Field  n«ar  McHurdo  bau  apparently  free  an 
a^ed  nibl»er  storage  tank*    unfortunately,  Insediate  cleanup 
<^rationa  could  not  be  umlertaken  becauee  of  insufficient 
storage  capacity  for  the  spilled  fuel.    We  therefore  also  endorse 
HSF*B  pn^iosal  to  build  protective  containmnt  structures  around 
storage  tanks  and  suggest  that  HST  include  etorago  facilities  for 
epilled  fuel, 

D.  ATMOSPHERIC  EMISSIONS 

In  addition^  NSF  nuat  take  actions  to  reduce  pollution  of 
the  pristine  Antarctic  atnosphere.    More  than  300  tonnes  of 
particulate  emissions  enter  the  Antarctic  atiBosphere  each  year 
froa  generators  used  to  supply  power  to  various  Antarctic  bases « 
Ironicelly,  eaissiona  fros  the  generatore  used  at  Mc^urdo  base 
are  controlled  in  the  noet  heavily  polluted  parts  of  the  united 
States,  but  not  in  Antarctica,    mis  is  particularly  troubling 
since  eaissions  fros  McHurdo  station  threaten  unique  terrestrial 
plants  miles  avay.    Italy  recognised  thees  problexas  when  it 
installed  emission  controls  at  its  Terra  Hove  Bay  station.  Yet, 
NSF's  initiative  does  not  follow  that  exaiQple.    Inasmuch  as  the 
Clean  Air  Act  calls  for  protection  of  air  quality  near 
"international  parks"  and  national  wilderness  areas  (so-called 
class  X  areas) ,  the  initiative  must  include  strict  controls  on 
emissions  from  power  generatore. 


13  - 


515 


Thm  mmcma  Mjor  nemcm  of  air  pollution  in  AntareticA  — 
burnii^  of  co^uatUbla  yastaa       producaa  at,  leaiit  20  tonnos 
of  particulata  aaiaaiona  aach  yaar.    >t  U.S.  luiaaa,  coabuatibla 
vaataa  ara  typically  bull-doiad  into  an  opan  pit  and  ignitad  with 
oontaainatad  vaata  fuals  (an  illagal  practica  undar  u.5.  lav) 
Othar  nationa,  including  Auatralia«  Braeil  and  Koraa,  hava  bean 
Mra  raaponaibla  and  raportedly  installed  control  lad 
inoinaratora.  Both  SCAR  and  tha  Safaty  Raview  Panal  recf»nsandad 
that  opan  burning  ahould  ba  quickly  aliainatad  and  replaced  by 
incinaration  with  asiasion  controls,  and  that  vaataa  ahould  ba 
raaovad  froa  Antarctica.    Hovavar,  Ksr*a  initiativa  only  calls 
for  a  daaign  atudy  of  an  incinerator  at  Nclfurdo  base  and 
an^rantly  not  Palisar  station.    Moreover,  it  again  places 
virtually  no  eaphasia  on  removing  wastes  from  Antarctica « 
clearly^  jtSF  nuat  attach  a  such  higher  priority  to  reaoving 
waataa  froa  Antarctica  &nd  ahould  insadiataly  caaae  opan  pit 
burning  at  all  U.S.  atationa  in  Antarctica. 

Ill,  PREVEHTING  '  5  TO  ANTARCTIC  WILDLIFE  AND  PROTECTED  AREAS 

To  address  tha  potential  iapacta  of  increased  h^nan  activity 
in  Antarctica  on  wildlife,  the  Treaty  partiea  adopted  the  Agreed 
Ifeasuraa  for  tha  conaarvation  of  Antarctic  Fauna  and  Flora  in 
1964.    Those  aeaaurea  prohibit  any  parson  fron  taking  native 
Antarctic  aaiaaala  and  birds,  and  authoriee  the  partiea  to  protect 
apacial  araaa.    with  passage  of  tha  Antarctic  Conservation  Act  In 
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Congress  enpovered  HSF  to  anforco  these  provisions  against 
l  *S,  nationals.    Yet,  ov«r  the  past  decade,  HSF  has  failed  to 
fulfill  its  obligations  as  a  regulatory  agency  under  the  Act. 
indecNl,  HSF  has  consistently  construed  the  Act's  provisions  in 
ways  that  reduce  environaental  protection  and  has  not  efffKrtively 
enforced  regulatory  requirenentu  in  .Antarctica.    1«hile  the  former 
problem  is  acre  one  of  persf^Bctive  than  &oney,  the  latter  will 
ultimately  entail  increased  expenditures  for  on-site  enforcement 
actions.    Recently,  NSF  did  open  a  position  for  a  ^s^teity, 
Environiaent  and  Health  Officer"  presumably  to  address  the  latter 
prt^lem*    While  we  support  that  action r  we  suggest  that  the 
Initiative  specify  particular  actions  for  that  official  to 
pursue • 

A.  PROTECTION  OF  ANTARCTIC  WIIi)LIFE 

When  NSF  issued  regulations  implementing  the  Antarctic 
Conservation  Act  in  1979,  it  identified  43  bird  species  and  11 
Biarine  mammals  for  protection*    Yet,  as  many  as  77  seabirds  and 
15  marine  mammals  actually  occur  within  the  Antarctic  Treaty  area 
and  therefore  deserve  protection.    The  Foundation's  failure  to 
protect  all  native  Antarctic  species  results  from  its  very  narrow 
interpretation  of  the  term  "indigenous**  used  in  the  Agreed 
Measures.    While  that  term  generally  means  "occurring  or  living 
naturally  in  an  area,"  NSF  has  taken  the  position  that  a  species 
must  breed  in  Antarctica  in  order  to  be  "indigenous"  there.  As  a 
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rasult,  at  lea«t  34  aeabird  species  and  4  aarine  aiamals,  vhich 
frequently  occur  in  Antarctica r  are  not  afforded  protection  under 
U.S.  law.    The  new  initiative  should  call  for  prL.tection  of  these 
species. 

Moreover,  for  those  species  on  the  list  of  protected  species 
under  the  Act,  NSF  has  failed  to  iapieaent  the  principal  purpose 
of  the  Agreed  Measures  —  to  "ainioiEe  hanaful  interference  with 
the  normal  living  conditions  of  all  native  Antarctic  maimaals  or 
birds.*'  Although  Congress  very  broadly  defined  the  tern  "take»»  in 
the  Antarctic  Conservation  Act  to  include  "harass,  aolest,  and 
hann*"  and  that  tens  has  been  construed  to  include  habitat 
disruption,  NSF  has  typically  not  scrutinized  the  effects  of 
dynamite  blasting  and  construction  activities  on  Antarctic 
wildlife.    At  the  same  time,  NSF  has  failed  to  exercise  its 
regulatory  authority  over  U.S.  tour  groups  that  routinely  visit 
sensitive  penguin  rookeries  and  seabird  nesting  areas  during  the 
breeding  season.    To  address  these  problems,  NSF»s  initiative 
must  include  funding  to  support  an  effective  enforcement  prograa 
in  Antarctica* 

B.  PROTECTION  OF  SPECIAL  AREAS 

The  Agreed  Measures  also  make  it  unlawful  for  any  U.S. 
citizen  to  enter  into  any  "specially  protected  area''  ("SPA")  or 
"site  of  special  scientific  interest"  (''SSSI'')  unless  authorized 
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by  a  pennit  granted  by  NSF.    To  enforce  these  provisions  against 
U«S.  nationals,  the  Act  raquirea  NSr  to  identify  by  regulation 
thoso  SPA'S  and  sssi's  that  have  been  approved  by  the  united 
States  at  Antarctic  Treaty  aeetings*    Unfortunately,  HSF  has  been 
rather  reaiss  in  formally  identifying  and  protecting  these  areas* 
As  a  result,  until  late  last  year,  U.S.  citizens  were  free  to 
visit  areas  that  had  received  international  protection  but  not 
national  status*    clearly,  the  initiative  should  not  only  call 
for  increased  protection  of  Antarctic  wildlife  but  also  prompt 
designation  of  internationally  protected  areas. 

Finally,  for  those  international  areas  that  have  been  so 
designated,  NsF  has  not  strictly  governed  entry  into  thea.  For 
example,  U.S.  citizenc  isay  only  enter  SPA's  if  "there  is  a 
conpelling  scientific  purpose  for  such  entry  which  cannot  be 
served  elsewhere.^  Yet,  in  1988,  the  Foundation  took  an  unusually 
broad  interpretation  of  that  exception  when  it  issued  permits  to 
media  personnel  to  enter  these  sites.     For  SSSl's,  NSF  has 
generally  failed  to  exercise  its  jurisdiction  over  U.S.  citizens 
outside  of  the  U.S»  Antarctic  Program.    Permits  to  enter  these 
areas  may  only  be  granted  for  activities  ^consistent**  with 
n«nagement  plans  prescribed  for  the  site,    yet,  U.S.  tour  grr  ips 
this  year  visited  at  least  one  SSSI  without  obtaining  NSF 
permission.    Although  NSF  recently  issued  regulations  that  will 
allow  it  to  enforce  these  provisJ  ^ns,  the  initiative  fails  to 
call  for  funding  that  will  allow  it  to  detect  actual  violations. 
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IV.    ASSESSING  AMD  MONIMRIKG  ENVIRONMENTAL  IMPACTS 

There  is  no  doubt  that  effective  asse6s&ent  and  monitoring 
efforts  will  reduce  environiaental  iapacts  froa  scientific 
research  and  associated  activities  .*n  Antarctica*    indeed,  where 
potential  iiapacts  have  not  been  thoroughly  evaluated,  these 
ao1;ivitia»  have  unnecsssarily  resulted  in  the  loss  of  Antarctic 
wildlife.    Recently,  the  Treaty  parties  adopted  guidelines  that 
require  each  nation  to  assess  impacts  before  GiBbar}cii^  on  aajor 
projects.     Although  these  guidelines  were  adopted  in  1987,  nsf 
has  failed  to  coupiy  fully  over  the  past  decade  with  sinilar 
domestic  procedures  required  under  the  National  Environmental 
Policy  Act  (NEPA) .     Horeoverr  NSF  has  still  not  established  an 
effective  system  for  monitoring  injects  and  conpliance  with 
applicable  regulations.    Although  NSF's  initiative  does  call  for 
increased  baseline  finding  to  support  environmental  assessments 
and  monitoring,  it  does  not  specifically  commit  to  addressing  the 
these  gaps. 

A.   ASSESSMENT  OF  ENVIRONlffiNTAL  IMPACTS 

Following  the  issuance  of  Executive  order  12114  more  than  a 
decade  ago,  NSF  has  been  required  to  prepare  an  environmental 
impact  statement  (EIS)  for  each  U.S.  activity  in  Antarctica  vith 
potentially  significant  environmental  impacts.    To  date,  NSF  has 
not  issued  mandatory  guidelines  governing  NEPA  compliance  nor  has 


it  Mriously  evaluated  the  potential  ii^cts  of  its 
*9ite<-sp«cific"  actions  in  Antarctica.    Thaae  actioiui  include 
dynamite  blasting  and  construction  activities.    Recently,  NSP 
indicated  that  it  plans  to  update  its  prograamatic  £IS.  imile 
that  effort  does  not  relieve  NSF  of  satisfying  the  requirements 
outlined  above,  it  certainly  is  a  welcosa  step  in  the  right 
direct im.    Indeed »  it  hae  been  alsost  a  decade  since  the  program 
mm  5ast  revietred.    Accordingly,  increased  funding  of  nsf*s 
annual  operating  budget  should  be  used  to  prepare  both 
prograiBsatic  and  aite-specific  environiaental  impact  statements 
for  the  u*S»  Antarctic  program. 

At  the  same  time,  it  must  be  e^hasized  that  NSP  has  still 
not  ii^plemented  many  of  the  *^tigatir^  seasures"  it  promised  to 
undertake  in  1980  when  it  last  evaluated  the  environmental 
impacts  of  the  U^S.  Antarctic  Program.    These  measures  include 
studies  of  its  sanitary  vaste  disposal  system  to  determine 
whether  toxic  compounds  are  present  in  significant  concentrations 
in  untreated  rev  sewage  and  if  heavy  netals  are  collecting  in 
benthic  sediments  or  organisms.    Although  NSF  did  find  in  1983 
that  FCB*s  and  heavy  metals  occur  in  substantial  concentrations 
in  bottom  sediments  near  McXurdo  Base,  it  still  has  not 
determined  the  source  of  these  toxics  or  whether  they  are,  in 
fact/  accumulating  in  the  Antarctic  food  chain,    clearly,  the 
initiative  should  include  a  specific  request  for  funds  to 
investigate  the  causes  and  scope  of  this  pollution  problem. 
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B.  NONXTORIKG  ENVIROKHENTAL  IMPACTS 

Moreover,  KSF  has  not  sought  to  monitor  tha  environsental 
effects  of  its  activities  and  to  ensure  coapl lance  with 
applicable  international  authorities  and  domestic  regulations* 
To  date,  a  nuaber  of  federal  agencies,  including  the  Air  Force, 
Department  of  Energy^  and  National  Institutes  of  Health,  have 
established  fon&al  ''environmental  auditing  programs."  In  August 
1988,  the  Environmental  l^fense  Fund  developed  a  detailed 
■•Antarctic  Environmental  Audit  Protocol"  that  could  be  used  by 
HSF  to  evaluate  environmental  impacts  at  each  U.S.  base  in 
Antarctica.  While  it  was  too  late  to  conduct  this  audit  for  the 
1988-89  research  season,  it  is  particularly  important  for  next 
year  in  light  of  serious  pollution  problems  and  the  requirements 
of  Executive  Order  12088*  Although  NSP*s  environmental  initiative 
calls  for  a  vorXshop  to  determine  appropriate  monitoring  actions, 
we  believe  that  more  specific  and  immediate  measures  must  be 
pursued  including  on*site  audits  at  each  research  base  next  year. 

V,  CONCUJSION  AND  RECOMMENDATIONS 

In  sum,  HSF's  environmental  initiative  is  a  welcome  first 
step  toward  addressing  environmental  impacts  from  U.S.  research 
activities  in  Antarctica*    However,  in  the  final  analysis,  it 
fails  to  meet  its  stated  objectives  —  to  clean  up  past  debris 
and  to  bring  present  operations  into  compliance  with  current 
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rttgulationa  and  tachnology.    imSeedr  tha  initiativa  doaa  not 
aatiofy  intamational  and  doaeatic  enviTOnmantal  standards  and 
faila  to  reflect  a  conaitaant  to  pursue  aore  reaponaibl© 
practicaa  that  other  nations  are  already  following  in  Antarctica* 
To  correct  theae  probleiiB,  HSF  should:   (1)  conply  vith  Executive 
Order  12088;  (2)  establish  a  pollution  control  prograa  ^u^Ser  the 
Antarctic  Conservation  Act;  {3>  comnit  to  secondary  treatment  of 
vaatawater  discharges;  {4)  eliminate  all  sources  of  toxic 
chasical  pollution;  (5)  cease  operation  of  its  landfills  in 
Antarctica?  {6}  make  rei^val  of  solid  and  hazardous  wastes, 
including  combust ion  ash,  its  highest  priority;  (7)  strictly 
control  emissions  from  power  generators  at  each  base;  and  (8) 
inmdiately  cease  all  open  pit  burning  of  solid  wastes  in 
Antarctica. 

At  the  same  timer  the  initiative  must  be  expanded  to  include 
an  effective  enforcement  scheme  to  protect  Antarctic  wildlife  and 
an  asaessment/fflonitoring  system  to  reduce  all  impacts.  To 
achieve  the  former  objective,  the  initiative  should  call  for 
increased  funding  to  suppoxL  (1)  protection  of  all  native 
Antarctic  birds  and  marine  mantis  and  intexmationally  protected 
areas;  (2)  careful  analysis  of  all  operational  activities  and 
development  of  guidelines  defining  hamful  interference  with 
Antarctic  wildlife;  and  (3)  strict  regulation  of  U.S.  uour  groups 
that  visit  Antarctica.    To  ensure  that  significant  environmental 
liqpacts  do  not  occur  anywhere  in  Antarctica,  the  initiative 
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shmiia  inolud*  incrMsad  l>aMlimi  funding  mo  that  KSF  can  (1) 
ismediateay  issue  guidelines  governing  NEPA  coi^liance?  (2) 
prepare  environmental  assesssents  for  all  actions  with  potential 
iapactsr  (3)  exi^itiously  conpiete  a  new  prograamatic  ElSj  (4) 
implement  the  litigating  Bsasures  identified  in  the  1980  EIS, 
including  a  stiidy  of  PCB  contamination?  and  {5)  create  an 
independent  environmental  luditing  program. 

ThanX  you  again  for  the  opportunity  to  testify  on  this 
important  subject,     I  would  be  pleased  to  respond  to  any 
questions  that  the  Subcommittee  might  have  about  my  testimony. 
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Tm  CiuisTiftM  Scauicx  Momroa 


lUoday.  irbruarv  i28,  1989 


•CmfCS  CONMEHTJUT 

Keeping  Antarctica  Clean 


ARGENTINA'S  rrcent  dfetr!  fi^  ^fi  is  an 
envHonmnrtjJ  %hock  fm  Antarctk:^  But 
ihr  poilmmn.  imh  fhunpi,  and  oocaiamai 
driibrritr  drurucuon  vf  wiidlifr  ha^si  snoct- 
itcd  whN  the  Amarcuc  rcscsrdh  luitom  hxw 

This  rouNl  wDnrn  when  snmtf^  befpm  is  the 
nrst  cemitry,  unk»  ihe  desmip  effom  tome 
imioro  Ktvr  a«ned  »ie  miensAed,  nmiiatod  hf 
mhm,  and  rcinfofred  by  ttrictor  cnrotmsiaasl 
comml  ihroughout  the  frfjtm  comtnem.  A 
lifk  commhtre  of  the  Anurctit  TVwy  nations  is 
to  consider  bcnti  wi«e  di^xtsal 
methods  ihti  October.  Siudi  mei^iods 
aitt  tiT|penfiy  needed. 

The  Nattcmai  Science  itmnda- 
tion«  whkh  administen  ihe  United 
States  Antamtc  progTamt  has  ^cn 
eapressed  cimcem  to  protect  the 
Amamtc  environmem.  Vci  it  adiaas 
lU  hamb  are  not  entirely  r  Iran, 

The  Untied  States  runs  tour  oi 
the  57  Amamir  research  sutions 

mamsamed  by  18  naiwnt.  Lan  Au-   

gust,  the  Enwrpni^wmsl  Defense 
Fund  tn  \^^ingfDn  focused  ittention  on  the 
poDution  of  chose  US  ttaiiofls.  It  iiKhtt^  open 
trash  bum^nR*  trash  dun^ng  in  phs  rather  than 
renKfvai  to  the  United  States,  trash  dumpii^  at 
fca«  and  dncHarge  of  rasrtew^  directly  mtothe 
ocean  at  McMurdo  Siatkm.  A  recent  report  by 
the  Australian  Greenpeace  organixatioa  has  re- 
peated these  com^ints. 

For  Its  part,  the  National  Scieim  Knmdation 
evptehw  that  it  has  been  a«arr  ti^  troi^^ 
and  has  been  trying  to  ckan  up  the  poUutkm.  lu 
critics  recognise  the  fo^mdation**  good  imrn- 
tioos,  Aijt  ai  the  same  time  ihey  ccmsfMn  that 
remedial  efforu  haiv  been  too  slow  and  have  yet 
to  rorrect  abtoes  that,  in  fome  instaiKes.  may 
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vtoteic  Amarrtk  IVeaty  provniont. 

France,  by  m  own  adimiskin.  has  moti  lb* 
gramly  violMd  the  trracy.  It  has  oUkiusiv  bkHrn 
up  penguin  rool^sries  «)d  tea  t»rd  breeding 
gmunds  in  buifahwg  a  new  airpoai. 

Jolm  lklmai%e  of  che  National  Soeme  Foun* 
dation  Mar  Prograns  OivoicHi  has  outlined  the 
basic  diaSenge.  He  notes  that,  when  the  reieanch 
stations  i«ere  first  e»alrii^ied«  inhabtotts  i«ere 
more  concerned  with  sheer  sundval  in  a  harsh 
than  with  anything  ebc.  This  ere* 
ated  a  msnd-set  that  has  to  be  changed.  New 
eariraranenta]  ttmUrds  are  needed^ 
if  the  United  Stws  is  to  provide 
leaderrii^i  m  icitmg  those  siandarch, 
it  has  to  €k»n  up  tu  own  act.  The 
foundation  is  mUi^  for  the  mtmey  to 
do  what  it  has  talked  about  for  a 
decade,  lu  1990  Innifrt  rrqursi  m- 
dudei  tnHial  funding  for  a  tour-year 
$30  millton  Aniarmc  environmental 
program.  That  would  include  proper 
wait^water  treataient.  It  would  in- 
vohr  cleaning  up  traih  dumps  and 
other  environn»ntaJ  blights,  li 
would  Imi^  trash  hi^nr  as  Australa  and  New 
Zealand  already  do. 

Congress  ^Hwid  eaamm  this  program  care* 
fully  to  make  sure  it  ti  sdet^e.  Then  it  should 
give  the  foundation  the  funds  to  do  the  job  right 
A^SBTCttca  h  the  last  large  pristine  environ* 
w>ent  on  our  planet.  Natiom  working  there  owe  it 
to  thenvHvrs  and  to  the  rest  of  the  world  to 
protect  that  cnvfnmment.  The  cosnmhtce  on 
waste  disposal  standards  that  meets  in  Onober 
has  an  urgent  task.  And  the  United  States  should 
be  ready  to  lead  in  that  wmi  by  example  as  well  as 
by  precept. 
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Comment 

Vir  ArizMB  Mil  Sfanr 


Scientific  assault 

Congress  should  force  Anterctic  cleanup 


Eaitt  ^  ftBd  Asmlcm  m  tesvtib^  Id 
htM'    As  it     10  srcan      Ooi^rai  ami 

bott  US.  sod  tetCfa»tloB>J  ^O^nmI  Im,  ac* 
cortfl&i  tto  a  i«pcm  hy  file  EavtraBiQetttf  De^ 
f €iae  FtowL  VkMEteot  ifivlude  oidHrtt  Iwi^ 

MeMurdo  Sottod,  mtdtb  if  aexl  to  Oie 
American  itvtteo,  li  mm  poOiited  tteo  any 
US  watervay.  Tfee  fiMmdattod  told  a  Smte 
last  year  tl»t  tt  wai  '*tn  ItiB  tompi^- 
a&cc"  wttft  o»  bt^naHooti  GDde  ^  ComM 
oo  Waste  ritpoial  But  ft  tea  fl^fpfftuftd  a 
taodnu  at  tte  it^oD  atoca  tte  cai^  YOi;  t& 
ctear  vtolatk»  of  Q»t  code. 

lo  S97f,  Ctegraa  directed  Ow  acmy  to 
create  a  poUtttloa^oatfpl  progiWH.  T^ap 
yean  laiaiv  tte  ftooodatte  pnwilard  to  atodjr 
the  eoWmneota]  Unpad  of  Sa  aatdtai^- 
wasla  diapeaal,  and  to poIh(tloe<oiitrQl 
ragaiattoaL  It  haa  dooe  aeftber. 

*74otedy  ftera  vanta  to  ABtafcfica,** 


pmcaM  a  AomMioB  apotaoM.  "1^  «aia 

Id  praaemi  nr  Yet  tae  liantea  of  peogite 

rad  acA  now  y^d  leveia  of  foalc  PCS  aad 

&MW|y  qm4Ib1l  Scte^Ati&i  ov^aot  tiaorti  ffea  ao* 

rtfniafiif  a^pa  af  damatr  la  Attfaittlca^  pil^ 

Coe  tag»lrottB>aot  aad  wMBte. 

H  OK  IMtoaal  Sdcafie  IRmMfoQ  11)1^ 

to  i^^^a  ifood  oa  tta  pfoaa^fatloa  pfoudMa^  tt 

ritafild  fMlow  tae  rrrntnnifnrtatloBa  of  tte 

£mfboefliaBlal  Ztefcsaa  Ftodii  leppft.  7teae 

^ac^ode  uneaao^fts^^  ^vaii^ae  f^osa  icaa  ooattaaat^ 
—  *■  **»    *  - ,  I    I  a  II  ■  ^^^^^^^^^  — — ^ 
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Mr.  Waloren.  How  is  this  on  the  waste  disposal  isBue,  which  I 
^ther  you  focus  on,  Mr.  Craig?  There  is  a  treaty  code  of  conduct 
Does  that  cover  waste  disposal?  Is  that  right? 

Mr.  Cbaig.  There  is  a  ^neral  framework  that  is  recommended 
within  the  treaty  nations;  in  fact,  I  think  Mr.  Manheim  is  better 
qualified  to  comment  on  that. 

My  function  on  the  Safety  Panel  was  largely  in  the  area  of  look- 
ing at  our--we  did  not  really  get  into  th(^  issues,  and  I  do  not 
consider  myself  that  conversant,  but  I  think  basically  

Mr.  Walcrkn.  Well,  let  me  address  that  to  Mr.  Manheim,  then. 
Could  you  outline  the  way  the—there  is  a  code  of  conduct  on  waste 
disposal.  Has  the  NSF  addressed  that  specifically?  How  have  they 
failed?  Where  have  they  failed  to  address  that  code? 

Mr.  Manheim.  Yes,  I  would  be  happy  to  addr^  that,  Mr.  Chair- 
man. 

In  1975  the  Antarctic  Treaty  parties  adopted  what  is  now  known 
as  the  Code  of  Conduct  on  Waste  Dispt^al.  It  established  a  number 
of  recommendations  for  research  bases  operating  in  the  Antarctic 
to  obwrve  to  reduro  their  waste  disposal  problems. 

Our  research  su^ests  that  the  National  Science  Foundation  has 
failed  to  <^»erve  tho%  recommendations  in  at  least  Uir«e  ways. 
First,  it  still  continue  to  operate  this  landfill  that  I  referred  to  ear- 
lier in  my  remarks,  despite  this  1975  code  banning  such  operations. 

Sea>ndly,  the  1975  code  has  required  buses  in  the  Antarctic  to 
macerate  human  wastes  before  they  are  discharged.  NSF  is  now,  13 
years  later,  finally  going  to  do  that 

And,  finally,  the  code  also  bans  the  dispcsal  of  plasties  in  Antarc- 
tica, yet  those  plastics  have  been  observed  in  the  landfills  at 
McMurdo  base. 

I  might  note  that  that  1075  code  is  so  flexible  that  many  Antarc- 
tic Treaty  nations  are  now  (^nsidering  very  serious  and  much 
stronger  revisions  to  it  In  fact  this  Scientific  Committee  on  Ant- 
arctic Research  recently  convened  a  panel  of  experts  on  waste  dis- 
posal, and  they  have  recently  i^ued  a  draft  report  that  suggests  a 
number  of  much  stronger  changes  to  this  1975  code.  Our  concern  is 
that  the  NSF  initiative  not  only  will  net^sarily  meet  the  1975  code 
but  the  new  revisions  that  are  adopted  to  this  much  stronger  code 
that  may  be  in  place  as  early  as  October  of  this  year. 

Mr.  Walgren.  Perhaps  you  could  outline,  with  a  little  submis- 
sion, what  seem  to  be  the  mcgor  propmals  by  the  new  group,  or  the 
new  proposals  being  made,  and  how  the  i^SF  initiative  sort  of  con- 
forms to  that,  or  where  it  is  not  responsive. 

Mr.  Manheim.  I  would  be  happy  to  do  that  Mr.  Chairman,  al- 
though my  testimony  does  to  some  ejctent  go  into  specifically  that 
question.  But  just  briefly  here,  I  can  mention  that  open-pit  burning 
has  essentially  been  recommended  to  be  phased  out  by  this  specif 
panel,  yet  NSF  only  calls  for  the  design  of  an  incmerator  at 
McMurdo  base,  not  Palmer  station  or  South  Pole. 

In  fact,  perhaiffl  the  moBt  important  recommendation  of  the 
SCAR  Dane!  that  I  suspect  will  be  adopted  later  this  year  in  Octo- 
ber is  that  the  countries  operating  in  the  Antarctic,  at  a  minimum, 
(deserve  national  environmental  standards  for  protection  of  the  en- 
vironment In  our  testimony,  we  have  essentially  evaluated  NSF's 
initiative  in  that  context.  Does  it  meet  standards  ratablished  under 
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the  Clean  Air  Act,  the  Clean  Water  Act,  our  hazardous  waste  laws? 
Andt  unfortunately,  the  answer  is  no.  But  I  would  be  happy  to  in- 
clude an  additicmal  submii^ion*  if  you  like. 

Mr*  Walgrbk.  All  right.  Well,  I  would  invite  you  to  do  that  in 
some  short,  foeu^  form. 

[Material  to  be  supplied  follows:] 
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"Hie  HonorabXe  Doug  walgreTi 
Chairman,  SubcoioBittee  on  Science, 

Kesearch  and  Technology 
Hayburn  House  office  Building 
suite  2321 

Washington,  D.C.  20515 

Doar  Congressman  Walgren: 

This  letter  responds  to  your  request  for  a 
specific  description  of  the  extent  to  which  the 
recent  environmental  initiative  of  the  National 
science  Foundation  (NSF)  would  issplesmnt 
recoBaaendations  of  the  Scientific  Cosjaittee  on 
Antarctic  Research  (SCAK)  for  improved 
environaental  practices  in  Antarctica*  Those 
recoMsndations  (appended  to  this  letter)  are 
contained  in  a  report  by  SCAR's  panel  of  experts 
on  waste  disposal^  and  were  based  on  a  survey  of 
existing  waste  disposal  practices  in  Antarctica. 
Although  that  report  is  still  undergoing  jainor 
grajRisatical  changes,  its  reco^endations  will 
fora  the  basis  for  revisions  to  the  1975  ••code 
of  Conduct  on  Haste  Disposal"  by  the  Antarctic 
Treaty  parties  in  October  1989,    As  the 
description  below  aakes  clear,  NSF*s  initiative 
contonas  to  certain  SCAK  iseasures  but  falls 
short  of  fully  iopleiBenting  sCAR*s  most 
important  recoisBtendations* 

MSgt£  HftTK^ggg^nt  Planning 

SCAR* 8  first  major  proposal  calls  for 
waste  sanagemnt  planning  to  reduce  the  amount 
of  waste  produced  or  discarded  in  Antarctica, 
To  that  end,  parties  wust  develop  annual  plans 
for  waste  managesDent  (Rec,  2),  create  a  waste 
disposal  classification  scheme  (Rec,  3), 
annually  exchai^e  information  (Rec-  5) ,  nominate 
a  "waste  management  official"  (Rec.  6),  and  aeet 
periodically  to  consider  waste  disposal  problexos 
{Rec,  7).    NSF's  plans  to  assess  its  current 
solid  waste  system  and  to  develop  a  new 
approach,  and  its  intention  to  hire  a  Safety, 
Environment  and  Health  Officer,  apparently 
respond  to  these  recommendations. 
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Unfortunately,  RSF's  initiative  does  not  explicitly  com»it 
to  laplesienting  SCAR's  i80»t  significant  recomendation  governing 
waste  sianageBient  planning  ~  Recottaendation  4.  That 
rerasBiendation  urges  Antarctic  c^ratore  to  take  into  account 
national  environ&ental  standards  when  developing  waste  mancgesent 
plans  and  to  apply  those  standards  where  they  are  higher  than 
those  contained  in  the  new  Code  of  Coi^uct.     It  is  clear  that 
U.S.  environAentaX  standards  established  under  various  federal 
environmental  laws  will  als^st  certainly  exceed  whatever 
revisions  are  made  to  the  Code  later  this  year.     tfSF^s  General 
Counsel's  Office  is  currently  studying  these  environmental  laws 
and  will  issue  an  opinion  on  their  applicability  to  U*S» 
activities  in  Antarctica  later  this  spring. 

Bsmgylm  Ms^^  Sxam  Antcrgticft 

Another  set  of  SCAR's  reconsendations  concerns  removal  of 
wastes  from  Antarctica.    Generally ,  research  stations  sBust  raaove 
excess  fuel  and  fuel  druns  {Rec*  9} ;  abandoned  fuel  drums  (Rec. 
10)  7  cultures  of  nicro-organisiss  and  introduced  avian  products 
(Rec.  15) ;  coabustible  wastes,  including  polyvinyl  chloride  and 
polystyrene  foaa,  which  are  not  effectively  incinerated  (Rec* 
16);  plastic  wastes  of  unknown  cosposition  (Rec.  17); 
non^conbustible  solid  wastes  and  liquid  wastes  other  than  sewage 
discharges  (Rec.  19);  and  radioactive  materials,  batteries,  and 
wastes  containing  heavy  »etals  or  harsiful  compounds  l^**^  24). 
Although  HSF  reiBoved  many  of  these  types  of  wastes  froa  U.S. 
bases  last  year,  the  initiative  calls  for  further  asseasnent  and 
does  not  coansit  to  reaoving  such  wastes  fron  Antarctica  on  an 
annual  basis. 

ElialDflting  Qssn  Eii  gurning 

The  SCAR  recoainiendations  also  seek  to  eliminate  open  pit 
burning  throughout  Antarctica.    All  conbustible  wastes  not 
removed  froio  the  continent  saust  be  burned  in  incinerators  that 
reduce  haraful  eoissions  to  the  oaxinum  extent  practicable  (Rec. 
16).  Where  it  is  "necessary"  to  burn  wastes  in  open  pits, 
operators  must  livit  particulate  deposition  on  land  ai»l  avoid 
deposition  over  sensitive  areas  (Rec*  18).     In  response  to  these 
measures,  NSF*s  initiative  calls  for  a  study  of  an  incinerator  at 
HcNUrdo  base  and  suggests  that  Falaer  station's  such  ssaller  size 
raises  the  question  of  need  for  an  incinerator  there*  The 
initiative,  therefore,  again  calls  for  further  studies  and  does 
not  necessarily  reflect  a  conitmnt  to  eliminate  open  pit 
burning  at  all  U.S.  bases.    Moreover,  in  the  event  that  open 
burning  occurs  during  these  studies,  the  initiative  does  not  call 
for  isDsdiawe  nonitoring  or  deposition  controls. 


532 


The  Honorable  Ooxiq  Kal^r^n 
Karch  29,  1989 
Pag©  3 


Control  ling  Wastewatc^r  Discharges 

The  SCAR  report  also  evaluated  the  prt^leia  of  untreated 
human  and  liquid  wastes  hein9  discharged  at  sea.  Specifically^ 
Recoraendation  22  calls  for  at  least  prinary  treataent,  such  as 
maceration,  of  large  quantities  of  these  wastes  {i.e,,  from  more 
than  30  people)  before  disposal  a1.  sea.    At  the  sane  time,  SCAR 
indicated  that  it  would  be  ^advantageous**  to  treat  very  large 
quantities  through  Rotating  Biological  Contactor  systems,  or 
their  equivalent,  to  reduce  further  biological  oxygen  demand  and 
suspended  solids*     HSF's  initiatiw  includes  plans  for  macerators 
(required  by  the  1975  Code)  and  submerged  outfalls  at  both  Palmer 
and  McMurdo  bases.     However,  other  than  calling  for  continued 
monitoring  and  assessment,  the  initiative  does  not  necessarily 
follow  through  on  SCAR»3  recommendation  that  discharges  from 
McMurdo  base  with  itr  1300  summertime  residents  receive  secondary 
treatment - 

Cgaainq  fipfj^ratiga  stl  Landfills 

Another  problematic  issue  considered  by  SCAR  concerns  the 
burial  of  wastes  at  coastal  stations  in  Antarctica.     Although  the 
1975  code  of  Conduct  flatly  banned  such  operations,  NSF  has 
maintained  a  landfill  at  the  Fortress  rocX  site  near  McMurdo  base 
since  the  early  I980*s.    Uncontrolled  runoff  from  that  landfill 
is  reportedly  polluting  Antarctic  waters*    The  SCAR  report 
highlighted  the  long  term  impacts  of  such  leaching  on  soils  and 
benthic  organisms,  and  did  not  propose  to  remove  the  1975 
prohibition.     Indeed,  it  further  recomisended  against  the  disposal 
of  all  chemical  wastes  to  land  (Rec.  25).    Nevertheless,  NSF*s 
initiative  apparently  contemplates  continued  operation  of  the 
Portress  RocX  operation. 

Moreover,  HSF  proposes  to  establish  essentially  another 
landfill  at  the  former  Winter  Quarters  Bay  dumpsite  near  HcMurdo 
base.     NSF  has  indicated  that,  prior  to  the  late  1970'8,  wastes 
generated  at  that  base  were  dumped  and  burned  at  this  dumpsite. 
Hazardous  wastes  may  be  buried  at  this  site  and  could  be  leaching 
into  Antarctic  waters.    Although  NSF  has  slowly  removed  these 
wastes  over  the  recent  past,  it  now  proposes  to  cover  the  area 
with  fill  material  and  conduct  periodic  monitoring.  That 
proposal  contravenes  the  1975  ban  on  landfills  and  SCAR*s 
recommendation  that,  "where  practicable, »  waste  disposal  sites 
should  be  cleaned  up  (Rec.  14).  Hence,  NSF  should  determine 
whether  it  is  possible  to  remove  such  wastes  before  deciding  to 
cover  this  area  with  fill. 
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Finally,  tiiere  are  several  oiscellaneous  SCAR 
recomendations  that  NSF'a  initiative  would  i^pleaent  and  others 
iihere  it  fails  to  follow  through*     For  exasple,  the  initiative 
muld  address  SCAR*s  recomoendatioiiB  liaiting  the  iiq;>ortation  of 
plastics  into  Antarctica  (Rec.  8),  assessiJ^  wastewater  pita  at 
certain  inland  sites  (Rec,  11),  informing  all  exi^dition  staff  of 
required  environmental  practices  (Rec.  13),  cleaning  up  certain 
abandoned  work  sites  such  as  Cape  Hallett  station  (Rec,  14),  and 
establishing  storage  facilities  to  prevent  dispersal  of  wastes  by 
wind  or  scavengers  (Rec.  20).    On  the  other  hand,  NSF's 
initiative  does  not  fully  iapleaent  scAR's  jr^commendations 
calling  for  removal  of  all  wastes  from  inland  stations  (Rec-  26) 
and  field  camps  (Rec*  27),  or  development  of  storage  and 
incinerat  ion  facilities  on  board  ships  operating  in  Antarctic 
waters  (uecs.  12  and  28). 


In  sum,  NSF's  initiative  does  not  fully  iiaplenent  the  most 
significant  scar  recommendations  concerning  resioval  of  wastes 
from  Antarctica,  open  pit  burning,  discharges  of  untreated  liquid 
wastes,  and  continued  operation  of  landfills,     instead,  it 
generally  calls  for  further  studies  to  assess  the  situation. 
Moreover,  NSF's  initiative  does  not  reflect  sCAR's  concern  that 
U,S.  environmental  practices  in  Antarctica  at  least  achieve  the 
same  level  of  protection  required  in  the  United  States.  2t 
remains  to  be  seen  whether  NSF's  forthcoming  legal  opinion  on 
this  issue  will  alter  that  position.    As  EDF  indicated  in  its 
recent  report  evaluating  nsF"s  actions  in  Antarctica,  U-S, 
activities  in  Antarctica  should  conform  not  only  to  international/ 
requirements  but  also  to  sound  U-S.  environmental  policy. 

Thank  you  for  your  attention  to  this  issue. 


Sincerely, 


Bruce  5.  Manheia,  Jr. 
Attorney  and  Scientist 
Wildlife  Program 
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6.2    Proposed  code  of  craduct  for  Antarctic  expeditions  and  station 
activities 

The  following  daises,  dtscribiag  oligcctivrs  and  j^acikes  which  are  logistically  feasible,  arc 
Waste  management  planning 

1  Itisitconxrooideddia'  vthensudiimme^aenrpc^dbleYNadonal  Antarc 
Ql^CFftlOfs  should  endeavour  to  reduce  xhc  aujoum  of  wasic  produced,  or  disposed 
of ,  in  Antarctka,  so  as  to  n^niniise  |}^  inqmt  of  warn  on  the  Anmr^ 

to  muumisc  imcrfcimcc  ^th  sckmifxc  research. 

2  Ntf  ioftal  Antarctic  Opcmim  shcwid  ^tpaxt^  and  annually  update: 

0)    plans  for  waste  management  (including  waste  ralucdc»i,  stcsage«  and  disposal), 
shoi^g  for  each  fi)»d  site,  for  field  camj^  generally,  and  for  each  vessel  (oihcx 
'  dian  snudl  boats,  which  fw  thb  purpose  should  be  reganied  as  pan  of  the 
operations  of  fixed  sites    of  vessels): 

•  programs  for  clean  up  of  exi^dng  wa%  disposal  sites  and  abandooed  work 
sites 

•  cuntni  and  Intended  Nmtcmanagcn^nianangemcnis; 

•  cuirent  and  intended  anangements  for  the  analysis  of  the  environmental  effects 
of  Antarctic  waste  and  waste  management  systems;  and 

•  effons  to  nrunimize  any  environmental  effects  of  waste  and  waste  management 

(ii)    An  inventory    locations  of  past  activiti^  (such  as  traverses,  f    depots,  field 
bases,  cra^ihed  aircraft),  as  far  as  is  practicable,  beftnc  the  information  is  lost,  so 
that  they  can  be  taken  into  acctmt  in  planning  future  scientific  programs  (eg. 
snow  chemistry,  poll  tants  in  Uctois,  ice  core  drilling  etc.). 

3  National  .^larctic  Operators  ^ould  establi^  a  waste  disposal  classification  as  a  basis 
for  recording  wastes  and  to  fadliQtt  studies  air  x6  at  evaluating  the  environmental 
impacts  of  operationa]  and  scientific  activity.  Wast^  produced  mr^y  be  classified  as 
sewa^  and  domestic  l^uk)  wastes  (Croup  1);  oihtr  liquid  wastes  and  j:hem^s, 
including  fuels  and  lubricants  (Oituip  2);  sdids  to  be  combusted  (Croup  3);  other  solid 
ii^^es  (Group  4);  and  radioactive  materials  (Qioup  Sy  Source  classification  codes, 
which  repr^ent  individual  proci»s»  ^  fm^tions  logically  associated  with  points  of 
waste  dcatkm,  may  be  used  in  auditing  studies. 
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In  tfKdevc&qnmitor      waste  msuagcment  plans,  Natkmal  Aniarcttt  Opemoss 
should,  whm  aiqm^rait,  take  iiuo  acowni  ihdr  mpccn^  natknial  cnvinmnienml 
staodaxds.  Where  naS«ial  cnvinwn^imJ  stamianb  w 
in  {his  Code    Oonduf^  those  f^ond  saw^^ 

Natkmal  Aniaicdc  Opemofts'  waste  jnanagcnicm  plans  should  be  included  in  anneal 
ejcchanges  of  infc^inatbn  m  fttxcRd  wi&  d»  An^^ 

Consultative  P^rtiesw  The  fonrois  used  for  diese  plans  am ,  initially,  be  at  the  discretion 
of  csch  Nadonal  Qpoauv. 

National  Antairdc  OpciatcHS  should  nouwnatc  a  person  within  Acir  origanisatioani,  as  a 
waste  managcnucni  (^[Ifkial,  who  would  develop  aiKi  roonittw  waste  njanagcmcni  plans. 
Impkmentation  in  the  field  should  be  dekgated  to  an  apjHt^aiase  pmon  at  each  siit^ 

Tlw  Managers  of  National  Antaictk:  F^ogrms  ^Kmld  wM  togetNr  from  tinx  to  tiznc  to 
coosidtr  problcnis,  prospects,  and  opportunities  for  coopcxaticHi  in  Amarctic  waste 
management  and  to  advise  thdr  governments  cm  appn^maic  steps,  in  this  anta.  whfch 
tmy  be  talccn  by  the  Antaictic  Treaty  Consultative  Panics. 

Naibnal  Antarctic  QperatOffS  should     ^id  to  the  Antarctic,  pesticides,  polychlcmnated 
Iriphenyls  (PCB's),  non-stcrilc  soil  or  polystyrene  beads,  chips  or  similar  foims  of 
packaging.  Addiiiwially,  they  should  disawi^e  the  use  of  polyvinyl  chloride  (PVC) 
products  in  packaging  and  should  advise  tlwir  expeditions  of  PVC  products  being 
provided. 

The  removal  of  fuel  drums,  both  full  and  empty,  should  be  srxn  as  a  legitimate  cost 
on  jrojecis  and  when  a  pa-ogTwi  is  cTOiplcicd,  or  for  some  otha  reason  the  fuel  dump  is 
no  longer  necessary,  all  remaining  fuel  and  drums  should  be  removed, 

NaticMtal  Aniarciic  Operators  should  ^mblish  a  long  term  program  to  remove  already 
abandoned  fuel  drums,  where  such  renjoval  is  practicable;  where  die  &an$port  equipment 
which  delivered  the  drums  is  no  longer  available  in  the  same  area,  the  drum  sites  ^uld 
be  recorded  for  clean  up  at  the  fust  opponunlty. 

When  planning  the  locatii:m  of  inland  stations  where  it  is  intended  to  concentrate  waste  in 
deep  kc  pits,  jptcs  on  ice  flow  lines  which  terminate  at  ice  frw  areas  or  areas  of  high 
ablation  ^uld  be  avoided  where  p<^ble. 


33 


536 


12  Naskmal  Antmcdc  Opcrqsi^  sJicwld  inosTpc^ate  on4»a^ 
incificimtifn  fadUsies  in  the  ifessgn  and  coi^^ 

13  Natoial  Antairdc  OpexBlora  shouU  anange  for  all  expeditkm  ^;aiTto  jnecdvc  training 
designed  to  hrtvit  the  inqjact  of  Ihcir  operations  on  the  Antanciic  wvironnwrn  and  to 
iiifona  ihem  of  lequin^  practices. 

Waste  dispell  measures 

1 4  Where  practicaUe,  Naiioaal  Antaiok;  OpetaCDR  should  cleanup  their  waste  di^xjsid 
sites  and  their  abandoned  wc^  site& 

1 5  The  folkmng  should  be  irnwcd  or  else  iiKinciatcd,  autoclavcd  w  i^hcrmsc  treated  to 
make  sterile: 

itsiducs  of  intiodu^  animal  carcasses; 
cultures  of  nacnvcH^^nisms;  and 
introduced  avian  pioducis, 

16  AU  combustible  waste,  which  is  no:  removed  fiom  the  Anainic,  should  be  bumi  in 
inciiwratoffs  designed  to  leducc  ham^l  emissions  to  the  maxinrnm  extent  praaicablc. 
PVC,  polyuiethanc  foam,  polystyrene  foam  or  lubricaiing  oils  which  contain  adiidves 
which  arc  widely  recognised  as  products  which  wouW  produce  hannful  emissions, 
should  not  be  burnt  unless  equipment  is  installed  whidi  neutralises  the  hannful 
emissions  produced.  While  himing  of  wastes  is  carried  out  in  basic  incinerators,  no 
plastics  should  be  burnt  and  opcraiors  should  limit  particulate  emissions  as  much  as 
piiurticabk. 

17  All  plascic  wastes  of  unknown  composition  should  be  removed  fr^m  thr  Antan  Treaty 
Area,  unless  iiKincratcd  in  circumstances  where  Kjuipmcnt  is  installed  which  neutralises 
the  hamiful  emissions  which  may  be  prod(^:td 

1 8  National  Antarctic  Operators  should  work  towaid  eliminating  open  buming  and  should 
not  bum  any  plastics  or  tubixr  other  than  in  incincrauas  designed  lo  reduce  harmful 
emissions  to  the  nuuimum  extent  prEKrticablc  If  it  is  m^essaty  to  dispo»  of  waste  by 
open  buming,  opcrjtois  rfiould  take  care  with  the  wii«J,  and  the  type  of  waste  to  be 
burnt,  to  limii^  as  far  as  practicable,  fsmiculate  deposition  on  land  and  ro  avoid 
depodtion  over  sensitive  areas. 
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19  WbCTCvorpfictwajN^sctfd,!^^ 
Aasvak  l^etiy  Area;  if  h  carnal  be  trnrapc^^ 
dwuld  mst  be  <fi^posed  of  in  ii^«Ht;  kx^ 

outside  *c  AnOBctk:  Tteaiy  Aita,  tad  in  acxG^ 
i&iexmixina]  tgreenenss. 

20  Wtsic  10  be  bimit,  or  r^tximS,  should  be  stoicd  instil 
bdng  diqiersed  by  wind  or  sctvengers* 

21  Ally  iwte&mqTing  at  Ml  should  be  etnrkd^ 

Cbovwidon  far  tficPinevcmk»i  of  Marine  Pdludcm  by  Ac  Duix^g  of  Wastes  aiKl  Other 
Matter,  otherwise  known  as  the  Ixaickm  Dimiping  Cbm^mioQ  (LDQ, 

22  Sewage  and,  whcie  practicaWc.  domestfc  fiquk!  wasses,  should  noi  be  disposed  of  c^iio 
ic^^  land  bm  may  be  dimmed    diim  10  dm  ocean«  pi^^ 

exist     rajsd  dispmal,  wifli  large  quanddes  (from,  say,  over  30  pcq)lc)  first  itceinng 
at  least  primary  fTcatmcnt,  sue  asmaccx^on.  Itmay  be  advaniagmis  to  treat  very  large 
quantities  through  Rotating  Biological  Owi^ior  Systems.  c«r  equivalent,  to  reduce  BOD 
and  suspended  solids. 

2  3     Chhcr  liquid  wastes,  solid  non-combusciblc  waste,  PVC,  polyurcthanc  foam  and 
p<dysiyrcnc  foam  shouW,  ^cndly,  be  removed  from  the  Antarctic  Treaty  Area. 

2  4     Radio-active  materials,  batteries  and  wastes  containing  high  levels  of  heavy  metals  oi 
harmful,  pcrsisicnt  cimipcwmJs  should  be  ronovcd  from  ihe  Antarctic  Treaty  Area, 

2  5     Disposal  of  chemical  waste  to  land  shcnild  not  occur. 

26     At  inland  stations,  Nbdonal  Antarctic  Opeiatixs  should  make  every  possible  cf  fon  to 
remove  waste  from  the  area,  where  this  is  nm  pacticable,  it  must  be  conceniraied  in 
ice  pits. 

2  7     Wherever  practicable,  wastes  generated  at  field  camps  should  be  removed  to  »h  cir 

supponing  stations,  bases  or  ships  for  proper  disposal  or  subsequent  removal  fiom  the 
Antarctic  Treaty  Area, 

2  8    Where  ships  are  not  fitted  with  incinerator  fadliti^  Antarctic  diip  operators  shoukJ, 
whenever  pracdc^le,  aodcpik  wa«cs.  excluding  untreated  sewage  ami  domcsdc 
effluents,  for  appfopriatc  di^iosaJ  at  smtions,  bases,  or  in  deep  water  at  selected  sites  or 
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c»sisidethe  Ai^fvi^l^neaiy  Area.  Tlicu^inaratis^of  rfiip^boaidvmiMshcHiIdbc 
conducted  al  sca»  pncfcraWy  ouisifk  tfic  Anurctk  Treaty  Area,  unless  ihc  indncratw?  art 
pf  ihc  lypc  which  are  deigned  to  ndm  hannrul  emiswf^  to  the  majdmuin  extent 
puctical^ 

Nothing  in  the  preceding  clauses  shield  lake  preccdcm*  over  safety. 

The  lOTccding  clauses  should  he  followed  by  any  non  govcnin»nt  operator  in  the 
Antamic. 
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Mr.  Walorkn.  I  do  not  have  a  great  background  in  this  area,  and 
I  wanted  to  ask  Mr,  Craig,  you  are  focused  predominantly  on  safety 
concerns,  is  that  correct? 

Mr.  CaATQ.  Yes,  Mr,  Chairman,  but  as  I  said  in  my  remarks, 
safety  and  the  environment  become  in  certain  rrapects  inter- 
chanfifsable  down  there,  and  I  think  that  good  environmental  proce- 
dures are  fundamental  to  safe  n^a«»ment  and  safe  operation.  So 
the  lines  blur  and  tiiey  overcross,  and  I  think  that  what  is  interest- 
ing is  that  a  good  environmental  policy  in  Antarctica,  I  think,  will 
also  make  for  much  safer  operation  on  the  part  of  U.S.  perronnel. 

Mr.  Waldrsn.  What  is  it  that  got  us  focu^  on  safety  in  our  op- 
erations down  there?  I  can  understand  the  environmental  side,  but 
the  safety  side  is  something  that  is  striking  to  see  about  $10  mil* 
licm  and  then  $30  million  being  directed  toward  a  project  which  in- 
duttes,  as  a  lanpe  part,  safe  operations. 

Mr.  Cbaig.  WeU,  I  think  the  safet;^  aspect  of  the  operations  in 
Antarctica  was  dramatist  by  an  incident  which  occurred  approxi- 
mately 3  years  a^  in  which  two  civilian  workers  strayed  off  the 
marked  path  near  the  New  Zealand  ba^  at  the  Soitt  base,  which  is 
on  the  other  side  of  the  peninsula  on  which  McMurdo  base  is  also 
situated,  and  they  wandered  from  the  path  and  dropped  down 
through  some  crevasses— that  is,  walking  down— and  first  one  fell 
in  and  the  other  fell  in,  and  they  were  both  suteequ€^tly  taken 
from  the  crevasse  by  a  rescue  group  of  New  Zealanders  and  Ameri- 
cans, but  they  both  died  from  exposure  and  their  iiyuries. 

That  dramatized  the  need,  at  least  in  the  ey«^  I  think,  of  the 
leadership  in  the  NSF,  and  I  think  also  with  r^ard  to  the  operator 
down  there,  riT,  that  wmething  had  to  be  done  to  ensuie  better 
safety  procedures.  I  think  this  was  in  some  ways  not  the  most  dra- 
matic safety  need  that  we  are  going  to  see  over  the  years  in  operat- 
ing in  Antarctica  that  civilian  workers  are  goin^  to,  in  their  friN^ 
tin^  wander  off  and  fall  in  crevasse. 

I  think  there  are  many  more  worrisome  things,  and  also  things 
which  will  be  occasioned  oy  the  impact  of  tourism  down  there,  wim 
people  now  doing  cross-country  ski  trips  to  the  South  Pole,  flying 
mto  the  Vincent  Masif  to  climb  in  Uiat  area,  and  thin^  of  that 
sort  Hie  potential  for  accidents,  for  real  accidents  of  some  magni- 
tude, and  the  employment  of  American  resources  to  rescue  is  going 
to  be  a  much  bigger  problem  in  the  long  run. 

But,  in  any  case,  that  was  one  of  the  things  that  triggered  it  I 
think  there  have  been  a  total  of  something  lil»  46  fatalities  in  Ant- 
arctica over  a  period  of  some  40  years  of  operation  down  tliere,  and 
I  think  that,  actually,  in  terms  of  numbers  of  lives  lost,  there  has 
not  been  as  high  an  attrition  rate  as  one  might  expect  given  the 
real  danger  that  gow  with  tiiat  environment. 

And  that  in  turn,  I  should  add,  Mr*  Chairman,  brought  us  to  look 
at  environmental  issues  and  health  iraues  as  part  of  thie  same  ball 
of  wax,  that  s^ety,  environment,  and  health  were  seen  to  be  some- 
what inseparable. 
Mr.  Wauibbn.  And,  among  others,  your  recommendation  is  that 


Mr.  Cbaig.  Yes.  I  made  specific  a)mment  on  the  office  of  l^ety 
Environment  and  Health  Ofifia^r.  We  strongly  rea>mmended  that 
in  the  panel's  report,  and  I  believe  that  the  agency  is  now  looking 
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for  such  an  officer.  I  just  urge  that  that  peraon  be  found  at  the  ear- 
liest ponible  moment  I  tfiunk  that  pem>n  also  would  b^in  to 
make  effectiw  some  of  the  recommendations  my  colleague,  Mr. 
Manheim»  and  I  are  both  making  as  to  implementation  and  getting 
on  with  ^lis  whole  eudronmental  operation. 
Mn  Waxx^rek.  Mrs.  Morella? 

Mrs.  MoRmji.  Gentlemen,  do  you  think  that  there  is  a  need  for 
more  legislation  to  help  to  dean  up  in  that  movement  in  the  Ant- 
arctic? 

Mr.  Manheim.  It  is  a  good  question.  I  think,  to  some  extent, 
much  of  the  l^islation  is  already  there*  The  Antarctic  Conserva- 
tion Act  was  adopted  in  1978  and  does  give  NSF  plenary  authority 
to  addrsHs  many  of  th^  problems. 

However,  the  problem  has  been  that  the  agency  has  been  reluc- 
tant to,  in  fact,  ag^r^ively  enforce  these  provisions.  For  example, 
in  1978  Congress  directed  NSF  to  identify  pollutants  and  to  identify 
m^isures  for  the  control  of  tiie  discharge  of  those  pollutants.  Yet, 
10  vears  later,  that  has  not  been  done.  Moreover,  NSF  has  author- 
ity to  issue  permits  to  U.S.  citizens  who  take  or  harass  wildlife  or 
enn,  for  that  matter,  enter  specially  protected  areas;  yet  the 
agenQT  has  not  apgrei^ivel^  enforced  those  provisions,  either. 

In  fairness,  it  is  quite  difficult  because  you  have  tour  groups  op- 
erating down  then*  as  well  as  just  simply  private  expeditions  who 
are  difncult  to  follow.  You  have  to  actually  be  at  these  areas,  ch^ 
serve  them>  to  enforce  these  provisions. 

But,  nonetheless,  my  view  is  that  ma^be  less  discretion  and  more 
of  a  mandate  from  a  Congress  in  tiiis  issue  would  be  very  helpful. 

Mr.  Craiq.  Congressman  Schneider  

Mrs.  MoEELLA.  Does  it  say  Schneider?  She  is  in  the  next  room.  I 
am  Morella. 

Mr.  Craiq.  I  am  sorry;  I  beg  your  panion.  I  did  not  think  I  recog- 
nized— I  met  your  collogue  earlier,  and  I  was  thinking  my  mind 
was  going,  which  it  probably  is. 

But  I  would  like  to  comment  that  I  think  that  the  regulatory 
framework  is  adequate.  I  think  that  I  should  comment  that  my  im- 
piesaon  in  Antarctica— and  it  has  b^n  my  impr^ion  wherever 
we  operate  in  remote  areas,  in  the  Arctic  or  in  Antarctica  or  places 
like  that,  or  even,  for  that  matter,  in  military  operations  overseas, 
which  I  experienced  durii^  World  War  11— different  things  happen, 
and  I  think  that  one  of  the  problems  with  operating  in  Antarctica 
is  the  need  and  the  feeling  mthin  the  administrative  group  mana^*" 
ing  and  operating  in  Antarctica  to  put  as  much  money  into  the  sci- 
ence ope!^tion  as  pebble. 

I  could  not  help  reflecting,  as  the  astronomers  were  rommenting 
on  their  shortage  of  funds  and  their  sem^  of  n^ect,  and  so  on,  the 
Antarctic  operation  really  has  been  driven  toward  getting  more  re* 
search,  trying  to  get  more  people  in  the  field,  trying  to  ful^l  those 
Obligations,  and  I  think,  in  a  sense,  it  has  caused  a  certain  amount 
of  n^lect.  But  I  think,  also,  there  has  not  been  the  mandate,  a 
strong  enough  mandate,  and  tiiat  would  be,  I  tiiink,  more  impor- 
tanty  that  Congrera  says  you  will  and  you  need  to,  and  we  will  try 
to  help  you  get  it  done. 

But  the  resources  have  been  rather  limited  for  the  importance  of 
what  Antarctica  is  all  about,  and  we  really  have  not  talked  about 
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the  preseno^  issue.  So  I  think  that  given  the  need  for  proper  envi- 
ronmental man^pement  and  the  presence  issue  and  the  conduct  of 
science,  the  whole  thing  makes  it  a  very  compelling  kind  of  overall 
mission,  and  you  cannot  neglect  the  environment  in  the  procew. 

Mrs,  MosBLLA.  Thank  you.  I  think  what  you  are  saying,  both  of 
you,  is  that  despite  the  Obstacles— the  monetary  ones,  the  terrain 
itself,  the  tour  operations— it  would  help  significantly  if  we  more 
specifically  spelled  out  a  mandate. 

Mr.  M^jfHEiM.  I  think  that  is  certainly  my  view,  yes.  Over  the 
past  decade  or  so,  despite  the  pre^eince  of  a  number  of  require^ 
ments,  they  have  ramply  not  been  curved,  and  I  do  think  that  ad- 
ditional congr^ional  oversight  in  this  respect  would  be  very  help- 
ful. 

Mrs.  MoRKLLA.  Thank  you. 

Thanks,  Mr.  Chairman. 

Mr.  Waloren.  Thank  you,  Mrs.  Morella. 

Let  me,  on  behalf  of  all  of  us,  thank  you  for  participating  in  our 
proc^,  and  we  appreciate  your  being  a  resource  to  the  committee. 
Thank  you  very  much. 
Mr.  Manheim.  Thank  you. 

Mr.  Wau3R£n.  That  concludes  today's  hearing,  and  we  are  on  for 
Thursday  next  at  9:30  in  the  morning  with  more  on  the  National 
Science  Foundation,  including  the  director  and  other  officials 
thereof. 

Thank  you  very  much.  The  subcommittee  stands  in  recess. 
[Whereupon,  at  12:02  p.m.,  the  subcommittee  recessed,  to  recon- 
vene at  9:30  a.m.,  Thursday,  March  16,  1989.] 
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THURSDAY,  MARCH  16.  1989 
House  of  Repr^entatives, 

COMMITTKK  ON  SCIENCE,  SpACE,  AND  TECHNOLOGY, 
SUBCOMMiTTEE  ON  SciENCE,  RESEARCH  AND  TECHNOLOGY, 

Washington,  DC. 

ooT^®^"^'""'***^  pursuant  to  recess,  at  9:40  a.m.,  in  room 
i318,  Kaybum  House  Office  Building,  Hon.  Doug  Walgren  (chaii^ 
man  of  the  subcommittee)  presiding. 

Mr.  Walgben.  Let  me  welcome  you  all  to  our  hearing  this  mom- 
mg  on  the  National  Science  Foundation.  This  is  the  third  hearing 
of  our  subcommittee  in  oversight  of  the  National  Science  Founda- 
tion. 

We  are  happy  to  have  with  us  this  morning  Erich  Bloch,  the 
Foundation's  director,  aca)mpanied  by  Dr.  James  Powell,  who  rep- 
resents the  National  Science  Board,  to  talk  about  plans  and  prior- 
ities in  the  proposed  fiscal  year  1990  budget  and  to  talk  about  other 
aspects  of  the  Foundation's  emphas^  and  focuses. 

In  a  hearing  on  March  9  we  had  the  opportimity  for  non-govern- 
ment witness^  to  comment  on  NSF's  programs,  particularly  in  sjci- 
ence  education  and  pre-coll^  science  and  math,  and  on  Mart:h  14 
we  Imd  a  hearing  in  which  we  heard  a  number  of  individuals  fo- 
cused  on  the  behavioral  and  the  social  sciences,  as  well  as  astrono- 
myand  the  Antarctic  pn^am  that  the  NSF  rarries  out. 

The  NSF  Authorization  Act  of  1988  authorizes  appropriations  for 
five  years,  a  first  step  for  us  in  multi-year  authorizations,  and  pro- 
vide for  doubling  the  Science  Foundation's  budget  over  a  five-year 
budget.  We  all  certainly  welcomed  the  allocation  and  the  emphasis 
that  Pr^ident  Bush  gave  and  his  prominent  support  for  achieving 
this  gcal  in  the  Joint  Session  of  CongrM®  address  last  month. 

The  research  and  education  programs  of  the  National  Science 
Foundation  represent  to  all  of  us,  I  think  it  is  fair  to  say,  an  inv^- 
ment  in  the  Nation's  future  that  we  would  be  really  penny  wise 
and  pound  foolish  not  to  mnke. 

This  monung  we  are  pleased  to  have  the  opportunity  to  hear 
how  the  NSF  plans  to  allocate  propossed  budget  Increases  in  fiscal 
year  1990.  Even  with  the  anticif»ted  budget  growth,  it  is  clear  that 
there  are  many  more  opportunities  that  exist  in  research  and  edu- 
ratiou  than  we  can  actually  fund,  and  that  certainly  raises  directly 
the  question  about  the  process  that  NSF  uses  in  establishing  its 
pnonties  within  its  operations,  especially  the  difficult  problem  of 
applying  priorities  across  different  fields  of  science.  And  how  do 
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you  decide  how  much  should  go  in  one  area  and  how  much  in  an- 
other when  the  areas  are  really  quite  different.  We  look  forward  to 
talking  to  Diiiector  Bloch  and  Dr.  Powell  about  that  this  morning, 
among  c^er  thinips. 

Science  and  engineering  education  continues  to  be,  I  think,  per- 
haps the  givsatest  focus  of  concern  to  this  subcommittee.  We  note 
the  propoe!ed  increase  of  63  percent  or  thereabouts  in  one  view  of 
the  un^rgraduate  pn^rams,  when  you  take  all  the  programs 
across  the  Foundation.  But  it  is  also  true  that  the  focused  pro- 
gran^  within  the  Science  and  Engineering  Education  Directorate 
feflect  very  little  change  whatsoevner  from  year  to  year  for  under- 
groduate  programs. 

At  the  same  time,  we  know  that  pre<»ll^e  programs  are  of  dom- 
inant importance,  and  they  are  more  directly  funded  through  the 
SEE.  And  yet  ttieir  actual  growth  is  less  than  the  percentage 
growth  of  other  aspects  of  the  Foundation,  and  certainly  we  all  em- 
phc»ize  the  priority  that  they  should  have.  We  would  like  to  raise 
that  when  we  get  to  testimony  and  discussion. 

Let  me  rect^nnize  other  Members  for  opening  statements,  and 
then  I  want  to  reccHSnize  our  a)lleague  from  Michigan,  Howard 
Wolpe,  for  particular  introductions.  But  I  will  turn  now  to  the 
Ranking  Minority  Member  of  the  committee  for  opening  comments 
he  vrovld  like  to  make. 

[The  prepared  opening  statement  of  Mr.  Walgren  follows:] 
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OPENim  STATEMeNT  OF  THE 
HONORABLE  DOUG  WALGREN  CD -PA) 
ON 

NATIONAL  SCIENCE  FOUNDATION  OVtnSIGHT  HEARING 
March  16,  1989 

THIS  IS  THE  THIRD  HEARING  ON  OVERSIGHT  OF  THE  NATIONAL  SCIENCE 
FOUNDATION.  WE  ARE  PLEASED  TO  HAVE  WITH  US  THIS  MORNING  MR 
ERICH  BLOCH.  THE  FOUNDATION'S  DIRECTOR,  AND  DR.  JAMES  POWELL, 
REPRESENTING  THE  NATIONAL  SCIENCE  BOARD,  TO  PRESENT  PLANS  AND 
PRIORITIES  IN  THE  PROPOSED  FISCAL  YEAR  1990  BUDGET  AND  TO  DISCUSS 
VARIOUS  ASPECTS  OF  THE  FOUNDATION'S  CURRENT  ACTIVITIES.  A 
HEARING  ON  MARCH  9  PROVIDED  AN  OPPORTUNITY  FOR  NON-GOVERNMENT 
WITNESSES  TO  COMMENT  ON  NSF  S  PROGRAMS  FOR  PRECOLLEGE  SCIENCE 
AND  MATHEMATICS  EDUCATION,  AND  A  HEARING  ON  MARCH  14  OBTAINED 
TESTIMONY  ON  NSF  RESEARCH  PROGRAMS  IN  THE  BEHAVIORAL  AND 
SOCIAL  SCIENCES  AND  IN  ASTRONOMY,  AS  WELL  AS  NSF  ACTIVITIES  IN 
SUPPORT  OF  THE  U.S.  ANTARCTIC  PROGRAM. 

Tm  '<:F  AUTHORIZATION  ACT  OF  1988,  WHICH  AUTHORIZES 
AP  .'  TtONS  THROUGH  FISCAL   YEAR  1993,  PROVIDES  FOR  DOUBLING 

THE  fi'F  BUDGET  OVER  THE  5- YEAR  PERIOD.  WE  WERE  PLEASED  THAT 
PRESIDENT  BUSH  PROMINENTLY  SUPPORTED  ACHIEVING  THIS  GOAL  IN  HIS 
ADDRESS  TO  A  JOINT  SESSION  OF  CONGRESS  LAST  MONTH  THE 
RESEARCH  AND  EDUCATION  PROGRAMS  OF  NSF  REPRESENT  AN 
INVESTMENT  IN  OUR  NATION'S  FUTURE  WHICH  WE  CANNOT  AFFORD  NOT 
TO  MAKE. 

THIS  MORNING  WE  ARE  PLEASED  TO  HAVE  THE  OPPORTUNITY  TO  HEAR 
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HOW  MSF  PLANS  TO  ALLOCATE  PROPOSED  BUDGET  INCREASES  IN  FISCAL 
YEAR  1990.  EVEN  WITH  ANTICIPATED  BUDGET  GROWTH.  WE  ARE,  OF 
COtfftSE,  AWARE  THAT  MANY  MORE  OPPORTUNITIES  EXIST  IN  RESEARCH 
AW  EmtCATm  THAN  CAN  BE  SUPPORTED.  WE  ARE  THEREFORE 
PARTKiAARLY  INTERESTED  IN  LEARNING  MORE  ABOUT  THE  PROCESS 
USED  AT  NSF  TO  ESTABLISH  FUNDING  PRIORITIES,  ESPECIALLY  PRIORITIES 
ACROSS  DtFFERENT  FIELDS  OF  SCIENCE.  WE  HOPE  DIRECTOR  BLOCH  AND 
IX.  POWELL  WILL  ADDRESS  THIS  SUBJECT  IN  THEIR  TESTINK}NY. 

SCIENCE  AND  ENGINEERING  EDUCATION  CONTINUES  TO  BE  A  FOCUS  OF 
PARTICULAR  INTEREST  AND  CONCERN  TO  THIS  SUBCOMMITTEE.  WE  ARE 
PLEASED  TO  SEE  A  PROPOSED  INCREASE  OF  63  PERCENT  FOR 
UMXRGtADUATE  PROGRAMS  ACROSS  THE  FOUNDATION  IN  THE  FISCAL 
YEAR  1990  BUDGET.  HOWEVER,  WE  NOTE  THAT  THE  PROPOSED  INCREASE 
FOR  PRECOUECE  PROGRAMS  IS  ALMOST  6  PERCENT  LESS  THAN  THE 
PERCENTAGE  INCREASE  SOUGHT  FOR  THE  TOTAL  NSF  BUDGET.  WE 
QUESTION  THE  WISDOM  OF  ANY  FLAGGING  IN  SUPPORT  FOR  PRECOLLEGE 
PROGRAMS.  WHICH  ARE  CRITICAL  FOR  MAINTAINING  THE  PIPELINE  OF  NEW 
SCIENTISTS  AND  ENGINEERS  AND  FOR  RAISING  THE  SCIENCE  LITERACY  OF 
THE  GENERAL  POPULATION.  WE  INVITE  DISCUSSION  ON  THE  BALANCE  OF 
NSF  PROGRAMS  IN  SUPPORT  OF  PRECOLLEGE,  UNDERGRADUATE,  AND 
CRADVA  TE  LEVEL  EDUCA  TION 

MR.  BLOCH  AND  OR  POWELL,  WE  WELCOME  YOU  BOTH  HERE  THIS 
MORNING  AND  LOOK  FORWARD  TO  OUR  DISCUSSION  OF  NSF  PROGRAMS  AND 
PRIORITIES. 
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Mr.  BOEHLERT.  Thank  you,  Mr.  Chairman. 

It  is  a  pleasure  to  be  here  this  morning  to  review  once  again  Uie 
outstanding  work  <rf  the  Naticmal  Science  Foundation.  I  have  the 
greatest  admiration  for  the  Foundation  and  for  Erich  Bloch. 
Ladeed,  I  would  not  be  disappointed  if  Mr.  Bloch  were  elevated— if 
that  is  the  right  word— to  the  position  of  White  House  Science  and 
Ttehnol<»y  Adviser,  a  job  we  should  prolmbly  rename  "science 
czar"  to  keep  it  in  accord  with  the  current  nomenclature.  [Laugh- 
ter.] 

Also,  I  should  point  out  that  history  has  taught  us  that  czar  is 
not  the  kind  of  position  one  can  keep  imfilled  for  long  periods  with- 
out untoward  consequences. 

In  all  seriousness,  thou^^h,  we  need  that  position  filled  because 
the  Nation's  scientific  and  technolc^cal  enterprise  is  in  a  more 
perilous  state  than  we  generally  like  to  admit  To  put  it  starkly, 
while  the  National  Science  Foundation,  in  capital  letters,  is  hitting 
new  heights,  the  national  science  foundation,  in  small  letters,  is 
crumbling. 

I  don't  think  I  have  to  rehearse  the  distraraing  statistics  here, 
many  of  which  come  from  NSF  itself.  But  even  more  distressing 
than  the  statistics  themselvra  is  the  realization  that  the  NSF 
budget  in  no  way  reflcN^  these  harsh  facts.  Teacher  training  pn>- 
grams,  for  example,  which  are  a  prown,  time-t^ted  means  of  im- 
proving pre^ll^  education,  are  slated  for  le»  than  an  eight  per- 
cent  increase.  No  matter  what  the  individuals  who  make  up  the 
NSF  say  about  education,  the  budget  expresses  an  attitude  of. 
Don't  worry;  be  happy. 

Dr.  Thomas  PoUard,  a  noted  cell  biologist  who  t«itified  at  our 
hearing  on  Mstting  rcience  priorities,  put  the  matter  well.  He  said: 

No  matter  how  many  dollars  are  available  for  the  elite  to  do  their  research  at  the 
university  level,  the  oKintiy  will  fail  to  compete  economically  and  militarily  if  our 
basic  educatbnal  system  is  rotten. 

These  were  Dr.  PoUard's  words. 

You  have  my  pledge  to  continue  to  i^t  you  thcwe  important 
funds  for  what  Dr.  Pollard  terms  "the  university  elite."  I  think  we 
need  a  reciprocal  pled^  from  NSF  to  help  the  next  generation. 

Tlumk  you,  Mr.  Chairman. 

Mr.  Walqren.  Thank  you,  Mr.  Boehlert. 

Are  there  other  opening  comments? 

The  gentleman  from  California? 

Mr.  Bbown,  I  have  no  statement,  Mr.  Chairman. 

Mr.  Wausbbn.  The  gentlelady  from  Rhode  Island? 

Ms.  Schneider.  No  comments,  Mr.  Chairman. 

Mr.  Walgbbn.  Well,  let  me  at  this  point  turn  to  our  special  guest 
for  this  morning,  for  the  next  hour. 

Mr.  Boehlert.  Before  that,  Mr.  Chairman,  if  I  could  indulge  you 
for  one  moment,  Congressman  Bitter,  who  is  a  very  active  member 
of  this  subcommittee  and  is  vitally  interested  in  the  National  Sci- 
ence Foundation,  has  a  conflicting  hraring,  but  he  dora  have  an 
opening  statement  which  I  ask  permission  to  have  inserted  in  the 
r&xurd  at  this  point. 

I  would  point  out  that,  hopefully,  Mr.  Bitter  will  be  able  to  share 
some  of  this  morning  with  us. 
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Mr.  Walgren.  Without  objection.  Congressman  Ritter's  opening 
statement  will  be  inserted  into  the  record  at  this  point. 
[The  prepared  opening  statement  of  Mr.  Ritter  follows:] 
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HON.  DON  RITTER  (R-PA) 

OPENING  STATEMENT 
NSF  OVERSIGHT  HEARING 
MARCH  16,  1989 

MR.  CHAIRMAN,  I'M  PLEASED  TO  BE  HERE  TODAY 
TO  DISCUSS  FY  1990  PROGRAMS  AT  THE  NATIONAL 
SCIENCE  FOUNDATION  WITH  DR.  BLOCH  AND  DR. 
POWELL.  THE  NATIONAL  SCIENCE  FOUNDATION 
PLAYS  A  CRITICAL  ROLE  ON  THE  FRONT  LINES  OF 
AMERICA'S  BASIC  SCIENCE  AND  ENGINEERING 
RESEARCH  EFFORT.  WE  MAY  BE  COMPETING  WITH 
INTERNATIONAL  POWERS  IN  TERMS  OF  CONVERTING 
BASIC  RESEARCH  INTO  MARKETABLE  PRODUCTS,  BUT 
WE  ARE  UNRIVALED  IN  BASIC  RESEARCH,  IN  LARGE 
PART  DUE  TO  THE  SUCCESSFUL  LEADERSHIP  OF  THE 
NSF. 


I  HOPE  THAT  THE  INCREASE  IN  NSF  FUNDING 
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WHICH  WE  PROVIDED  IN  LAST  YEAR'S  BILL.  AND 
CONTINUE  TO  SEE  HERE,  WILL  HELP  TO  STRENGTHEN 
AMERICA'S  BASIC  RESEARCH  EFFORTS  IN 
•CUTTING-EDGE"  FIELDS  SUCH  AS  HIGH 
TEMPERATURE  SUPERCONDUCTIVITY,  PHOTONICS 
AND  FIBER  OPTICS,  BIOTECHNOLOGY,  ADVANCED 
MANUFACTURING  SCIENCES,  AND  MORE. 

BUT  AS  WE'VE  SEEN  SO  FAR  IN  THESE 
OVERSIGHT  HEARINGS,  THE  NSF  HAS  ANOTHER 
MAJOR  FUNCTION:  INVESTING  IN  THE  NEXT 
GENERATION  OF  SCIENTISTS  AND  ENGINEERS.  I  AM 
CONCERNED  THAT  THE  SUPPORT  FOR  VITAL  SCIENCE 
AND  ENGINEERING  EDUCATION  PROGRAMS  IS  NOT  AS 
STRONG  AS  THAT  FOR  OTHER  PROGRAMS,  AND  I 
HOPE  THAT  OUR  WITNESSES  WILL  ADDRESS  THAT 
TODAY. 

I  AM  ALSO  CONCERNED  THAT  WE  MAINTAIN  A 
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PROPER  BALANCE  BETWEEN  THE  CENTERS 
PROGRAMS  AND  THE  EFFORTS  OF  INDIVIDUAL 
INVESTIGATORS.  I  WILL  BE  INTERESTED  IN  OUR 
WITNESSES'  COMMENTS  ON  THAT. 

ON  THE  WHOLE,  THE  NSF  BUDGET  FOR  FY  90  IS 
A  STRONG  ONE.  REFLECTING  NSF'S  IMPORTANT  ROLE 
IN  OUR  SCIENCE  AND  TECHNOLOGY  ENTERPRISE.  I  AM 
PLEASED  TO  SUPPORT  NSF'S  EFFORTS,  AND  I  HOPE 
THAT  WE  CONTINUE  TO  STRIVE  TOWARD  THE  GOAL 
OF  DOUBLING  NSF'S  BUDGET.   THANK  YOU,  MR. 
CHAIRMAN. 
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Mr.  WAiiGEEN.  We  will  also  insert  into  the  record  at  this  point, 
wititout  dbj^tion,  an  opening  statement  by  Congressman  Terry 
Bruce. 

[The  prei^ired  opening  statement  of  Mr.  Bruce  follows:] 

Tbank  you  Mr.  Chsimmn.  In  tlie  era  of  HAt  bi^^  and  little  room  for  program 
inctttues,  I  am  vAs^sbA  to  be  a  pait  of  thisl^aniig  reexamining  the  directtcm  that 
Qm  Natibnal  Scfence  Foundation  tfi  healing*  Th»  agmcy  is  responsible  more  than 
any  other  for  «npbaeizing  the  important  prc^rrees  we  need  to  orntini^  in  order  tiiat 
oitr  Nation  m^r  ftirther  sdentifie  discover  and  in  an  iKreaaingiy  competitive 
^dttl  envinmment. 

Mj  vtfi<m  of  America's  fiiture  is  one  iiS  renemd  comp^tiveness.  It  ki  a  future  in 
wh^  once  thm  was  a  nnoke  s^ack  industry,  now  th^  is  a  new  renorated  indus- 
tiy  that  can  pmv^  the  worid  innorative  ajod  quality  products.  To  achieve  thte 
viskm,  AsMrica  must  make  a  s^ematic  investment  to  secure  its  {^osperity—edu- 
eatii^  and  retraining  our  people,  developing  and  implementing  new  technologies^ 
ami  buiMing  tim  imductive  capacity  fran  miich  we  will  reap  rewards  in  yauns  to 

Cmgress  and  the  new  administration  are  both  vitally  awim  of  the  importance  of 
intmnatiimal  ccmipetitikm.  We  mu^  be  willing  to  make  the  limg-tenn  ocmunitmentB 
that  are  necessary  that  will  allow  industry  and  the  scientific  communities  to  grow 
and  expand  enriching  one  another. 

I  look  ii»ward  to  the  testirafmy  (ri*  our  witn^ses  tochiy  before  this  subecnnmittee. 
Thrmshmit  tibe  testimony  pre&«mted  here  I  hope  we  can  a)me  away  ^th  a  more 
focittea  ktA  at  the  primties  (rf*  .NSF.  In  the  past  several  yrars,  funding  for  science 
aoid  mgineering  education  has  ii  cirased.  I  am  thoiuh,  still  concerned  with  the  lim- 
ited increase  in  the  pmcdlege  s'ienoe  |»nc«rams.  I  furmly  believe  the  crisis  we  have 
in  scmnti^  education  ha»  to  lie  addressed  in  a  balanced  approach  from  the  b^n« 
ning  oi  one*s  education  tiinm^Kiut  all  stages. 

Ttse  aging  of  our  science  infrastructure,  the  increased  cost  ci  dmng  sdentific  re- 
search and  tl^  levels  of  sumiort  required  for  adequate  instrumentation  plaque  evei^y 
reararch  univeiaity  today*  m  a  recent  survey  at  the  Uni^^ersity  of  niinois,  only  90 
percent  of  the  existing  resc^irch  and  developn^nt  facilities  is  suitable  for  use  in  the 
most  hi^ily  develtqied  scientific  research  and  over  25  percent  of  that  space  has  been 
determined  to  be  in  need  of  ma^jor  repair  or  renovation.  This  has  become  common 
among  our  premier  res^ui^  universities  todey.  These  concerns  need  to  be  evaluated 
and  includra  in  any  list  of  ^sential  items  for  our  long  term  scientific  competitive- 
ness. 

I  am  plea<9ed  that  Mr.  Bloch  and  Dr.  Powell  are  before  this  subcommittee  today  to 
discuss  the  important  ismies  before  us.  Huink  you. 

Mr.  Walgrkn.  Well,  let  me  rect^nize  the  gentleman  from  Michi- 
gan, Mr.  Wolpe,  He  has  a  special  inters  in  the  panel  today,  but 
he  is  someboay  that  we  all  look  to  because  of  his  role  on  our  full 
committee  in  years  past  and  his  role  in  the  Budget  Conmiittee,  in 
particular,  a  stroi^  voice  for  science. 

Hie  gentleman  nom  Michigan? 

Mr.  WoLPK.  Thank  you  very  much,  Mr.  Chairman. 

I  appreciate  your  providing  me  this  opportunity  to  introduce  one 
of  our  panelists  this  momir^,  Dr.  Jamc^  Powell,  a  very  distin- 

Siidlied  scientist  and  academician.  He  has  been  a  member  of  the 
ational  Science  Board  since  1986. 

The  rrason  that  I  had  wanted  to  make  the  inteoduction  tihis 
morning  is  that  he  also  happens  to  be  currently  president  of  mv 
alma  mater,  Beed  Coll^,  a  small  liberal  arts  a>ll^  in  Portland^ 
Or^n,  where  I  had  the  pleasure  of  doing  my  undergraduate  work 
back  in  the  early  sixties. 

Although  small  in  size.  Reed  is  very  lai^  in  stature.  Among  lib* 
eral  arts  colleges,  it  is  number  one  for  producing  Rhodes  Scholars. 
In  Uie  past  50  veara,  there  are  some  2S  graduate  of  Reed  tliat  have 
won  that  Rhodes  Scholarship.  I  happen  to  have  defied  that  tradi- 
tion. The  year  that  I  was  a  senior,  I  was  the  nominee*  It  was  the 
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firat  year  in  17  we  did  not  get  the  Rhodes  Scholarship,  something 
that  was  difificiilt  to  live  with  in  that  environment.  (Laughter.] 

Reed  is  also  ranked  third  amon£  Ubexal  arts  coll^ies  tor  graduate 
ing  students  who  go  on  to  get  Ph.D.'s,  and  it  is  also  the  third  rank- 
inpr  among  such  colleges  in  those  who  go  on  to  get  Ph  D.'s  in  the 
sciences,  a  very  unusually  stnmg  science  program  in  a  small  liberal 
arts  environment 

Dr.  Powell  is  a  graduate  of  Berea  College  in  Appalachia.  He  went 
on  to  get  his  doctorate  in  geochemistry  at  my  other  alma  mater, 
MIT.  He  chaired  the  department  of  geology  at  Oberlin  Collc^, 
where  he  spent  some  21  years  as  a  teacher  and  later  as  acting 
prraodent.  He  was  president  of  Pennsylvania's  Franklin  and  Mar- 
shall Collraro  for  some  eight  years  and  has  been  a  visiting  scientist 
at  Oxford  University. 

Given  that  very  long  list  of  credentials,  it  is  no  surprise  that  Dr. 
Powell  is  a  well  rect^ized  authority  in  science  education.  It  was  a 
delif^t  for  me  this  morning  to  have  the  opportunity  to  become  ac- 
quamted  with  Dr.  Powell  and  also  to  catch  up  on  the  lore  of  the 
la^  lot  of  years.  I  graduated  firom  Reed  back  in  1960. 

But  it  is  a  pleasure  to  have  him  with  us  today,  and  I  thank  you 
for  the  opportunity  to  make  this  introduction. 

Mr.  Waugrsn.  Thank  you,  Mr.  Wolpe. 

We  appreciate  your  role  in  all  ttiis  ar^  over  the  past  years  and 
look  forward  to  having  you  with  us  on  the  subcommittee  as  well. 

Let's  turn,  then,  to  our  primary  witness,  I  gather,  this  morning, 
Mr,  Bloch,  the  Director  of  the  National  Science  Foundation.  I  donH 
know  whether  the  others  will  have  statements,  but  we  ;vill  get  to 
that. 

As  you  know,  Mr.  Bloch,  your  written  statements  and  anything 
you  .ould  like  to  submit  in  writing  will  be  reproduced  in  full,  and 
you  can  feel  free  to  emphasize  and  underacore  points  in  whatever 
wmr  you  would  like  to  make  them  most  effectively. 

So  welcome  to  the  committee.  We  appreciate  your  ueing  here. 

STATEMENT  OF  ERICH  BLOCH,  DIRECTOR,  NATIONAL  SCIENCE 

FOUNDATION 

J^.  Bloch.  Thank  you  very  much,  Mr.  Chairman. 

Dr.  Powell  has  been  duly  mtroduced,  so  I  don't  have  to  do  that, 
but  he  represents  here  the  Board  itself,  the  National  Science  Board 
itself,  and  he  has  a  few  comments  after  I  have  completed.  Also,  Dr. 
John  Moore,  deputy  of  NSF,  is  at  the  table. 

T  appreciate  all  the  comments  from  you,  Mr.  Chairman,  as  well 
as  from  Mr.  Boehlert.  I  thought  Mr.  Boehlert  was  a  friend  of  mine. 
I  am  not  sure  any  more  after  hearing  his  opening  comments. 
[Laughter.] 

Mr.  Waloren.  Well,  you  know  how  it  is  in  this  town.  If  you  want 
a  friend,  get  a  d<%.  [Laughter.] 
Mr.  Bloch.  Good  advice. 

Mr.  Chairman,  for  the  first  time  ever,  NSF  is  operating  under  a 
five-year  authorization.  You  mentioned  that  yourself  a  mmute  ago. 
In  (Ambulation  with  the  commitment  to  double  the  NSF  budgetby 
1992,»  which  was  made  by  the  Reajran  Administration  and  af- 


*  Mr.  Bloch  indicated  that  correct  date  Is  1998. 
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{umed  by  President  Bush  in  his  State  of  the  Union  address,  this 
authorization  has  provided  a  d^ree  €i  stabilitsr  in  planning  ^t  is 
to  us  and  is  very  helpful.  I  appreciate  the  leadership  of  this 
committee  and  its  chairman  in  making  this  pos^ble. 

is  here  to  serve  the  needs  of  the  Nation  in  the  science  and 
technology  area,  not  the  needs  of  craentists  and  engineers  but  the 
needs  ofthe  Nation.  Hiat  is  fundamental,  and  it  underpins  the 
changes  that  we  have  made  at  NSF  in  recent  years.  We  see  NSF  as 
a  catalyst  for  change,  sraking  better  ways  to  respond  to  natiozwl 
issues  and  goeds. 

In  past  years  there  was  a  tendency  for  both  Congress  and  the 
iK»^mic  world  to  see  NSF  as  a  i»^ve  agency,  just  waiting  for 
proposals  to  cx>me  in  the  door,  concerned  onl^  with  science  and  the 
ac^mic  community.  That  image,  if  it  ever  was  true,  is  out  of  date. 

NSF  today  is  deeply  concerned  with  engin^ring  as  well  as  sci- 
ence. We  stress  alucation  and  human  r^un^  development,  the 
fastest  growing  part,  by  the  way,  of  Uie  Foundation's  budget,  and  I 
have  more  to  say  on  that  in  a  minute. 

We  are  ronunitted  to  bringing  universitira  and  industries  more 
closely  together,  so  that  knowledge  moves  smoothly  firom  university 
laboratories  to  eomomic  payoff 

The  budget  request  for  fiscal  year  1990  is  $2,149  billion,  or  about 
a  14  percent  increase  over  this  year's  appropriation.  It  is  about  five 
pereent  less  than  ti^e  authorized  level  without  facilities.  We  all 
wish  the  number  could  have  been  higher,  but  we  all  also  know 
^ut  our  budget  problems. 

In  this  situation,  the  budget  requ^  is  a  very  strong  response  to 
the  needs  of  the  Nation  and  reflects  the  difficult  choices  we  have 
had  to  make. 

There  are  differences  between  the  authorization  levels  and  the 
budget  request  for  spmfic  activities.  But,  overall,  the  request  is 
very  dose  to  the  distribution  suffiested  in  your  authorization,  as 
you  will  see  when  you  examine  tibie  details. 

We  continue  the  emphasis  of  the  past  few  veara  on  tiiree  m^jor 
themes:  a  verv  strong  effort  in  education  and  human  resound,  a 
^nrong  disciplinary  res^uch  bare,  and  an  exmnding  program  of 
noup  and  centers  reswmjh.  I  will  discuss  each  of  these  and  high- 
h^t  the  differences  between  request  and  authorization. 

Let  me  talk  first  ^ut  education  and  human  resources.  It  is  our 
top  priority.  We  all  are  aware  of  our  educational  problems,  and  you 
have  point^  that  out  a  minute  ago,  and  so  has  Mr.  Boehlert.  The 
Present  has  proclaimed  his  intention  to  do  someUiing  about 
thcmi,  and  so  have  many  ^>vemora  and  o^er  State  and  loosd  offi- 
dals«  It  is  time  to  take  effective  action. 

Nothing  will  do  more  in  the  loi^  run  to  assure  our  economic  suc- 
cess in  a  competitive  world,  our  natural  security  in  a  dangerous 
worlds  and  the  living  standards  of  our  people  than  focus  on  educa- 
tion and  human  rescmrraa. 

Our  effort  at  NSF  will  rise  by  about  22  percent,  t^e  largrat  in* 
cre^e  among  the  three  sb^at^gic  themes.  Part  of  this  increase  will 
suiqx>rt  efforts  to  brMden  the  human  resources  base  on  which  the 
Nation  ckm  draw,  s^king  to  enlist  larger  numbers  of  women,  mi- 
norities, and  other  groups  that  have  not  hi^uirically  contributed 
Uucge  numbers  cf  scientists  and  engineers. 
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We  have  to  find  ways  to  re^h  thew  students,  because  the 
Nation  needs  far  more  scientists  and  engineers  than  we  an  recruit 
without  them.  By  th*»  and  of  this  century,  about  85  percent  of  the 
net  new  entrants  to  the  Ubor  force  will  be  women,  minorities,  or 
new  uunigrants.  lliere  is  no  way  we  (»n  do  without  the  contribu- 
ticMifi  o(  them  people  to  our  scientific  and  technolf^cal  future. 

About  56  percent  of  the  hiunan  resourc  s  effort  is  in  the  pro- 
granra  that  we  specifically  label  "science  and  engmeering  educa- 
tion. Those  pn^rams  include  such  Mliviues  as  materials  develop- 
m^t,  precoll^  teacher  programs,  and  undergraduate  instruc- 
tional equipment. 

But  many  other  programs  are  administered  through  othsr  parts 
of  the  Foundation.  Special  programs  for  undergraduate  students, 
for  wrmien  and  minorities,  for  undergraduate  faculty,  and  special 
curriculum  development  efforts  in  chemistry,  biology,  and  comput- 
er sciences  are  included  in  these  efforts. 

Taken  tc»ether,  the  education  and  human  resources  effort  will 
amount  to  $347  million  in  1990.  That  is  an  increase  of  $62  million 
from  last  year.  It  continue  a  long  trend  that  has  seen  spending  for 
this  category  rise  ten-fold  since  1982.  NSF  has  a  real  commitment 
to  this  area. 

In  1982,  the  low  point  of  science  education  at  NSF,  we  spent  $3.8 
million  on  pre-collcge  pn^tams.  Next  year  we  will  spend  $129  mil- 
lion for  teacher  programs,  materials  development,  informal  educa- 
tion, and  the  Young  Scholars  prc^pram. 

In  1982,  there  were  no  undergraduate  programs  at  all.  Next  year 
ow  undergraduate  efforts  will  total  $105  million.  Part  of  this  will 
be  administered  by  the  Scien(%  and  Engineering  Directornte,*  but 
the  majority  is  provided  by  the  research  directorates  to  support 
student  research,  special  undergraduate  faculty  prc^rams,  curricu- 
lum development,  and  other  ar^. 

Graduate  education  has  always  been  a  parv  of  NSF's  programs, 
but  here,  too,  there  has  been  important  growth.  The  number  of 
graduate  fellows  will  nearly  double  between  1987  and  1992,  with 
special  emphasis  on  minority  students  and  for  women  in  engineer- 
ing. 

The  disciplinary  research  base  will  increase  about  11  percent,  or 
SeL  second  thrust  area  remains  the  largest  part  of 

NSF's  effort,  accounting  for  about  60  percent  of  the  total.  In  fiscal 
y^  1990,  it  will  support  about  20,000  persons  in  1,500  institutions, 
working  in  every  area  of  Mnence. 

High  iniority  areas  next  yw  will  include  genetics,  superconduc- 
tivity, microscale  chemical  proceraing,  software  engineering,  and 
many  others.  There  will  be  special  emphasis  on  materials  rweaivh 
and  high  performance  computing  and  in  three  environmental 
areas:  gldbal  change,  Antarctica,  and  biodiversity. 

The  global  change  initiative  is  ^tp^ally  interesting  as  an  exam- 

?le  cf  the  interagency  cooperative  approach  we  are  encouraging, 
ou  have  copies  of  the  report  of  the  Committee  on  Earth  Sciences, 
t)ur  Changing  Planet,"  that  (tescribes  the  activities. 


'SeiBoce  and  Engineering  Bdncatiro  Dirertcrate. 
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In  i^ort,  we  will  ax^mte  with  NASA^  DOE,  the  Geol<«icaI 
Smvey^  aikl  many  <tf  the  other  agencies  in  this  effort,  which 
amounts  to  about  $190  million  in  1990.  Our  part  of  that  one  is 
about  26  percent 

A  second  miyor  environmental  effort,  and  one  tiiat  causes  the 
mofift  apjparcmt  change  in  the  buc^cet^  m  in  the  Antarctic  program. 
Tho  req^iest  fn  the  Antarctic  program  is  million,  about  mx 
percent  above  the  authori«d  level 

Fcdlowing  a  fatal  accident  in  1^6  in  Antarctica,  I  initiated  a 
tlKirou^  review  <^  h^th,  environnwnt,  aini  safety  issues  by  a  spe^ 
dal  i»nd  diaired  by  former  astronaut  Russell  Sdiweickart. 

We  have  now  begun  a  n^jor  ^fort  to  cm  the  panel's  recom- 
mendati«ms.  Ihis  year  the  request  includes  $10  million  to  start  on 
the  moet  urgent  problems,  including  waste  management,  environ- 
m^ital  monitoring,  and  improved  air  traffic  con^l  and  communi* 
cations. 

Our  ccmcem  with  environmental  prdi>lems  in  the  Antarctic  is 
evidenced  most  recently  by  our  respcmse  to  tl^  shipwred^  and  oil 
spill  from  an  Argentine  naval  vrasel  canying  tourists  to  Palmer 
statkm.  Owe  iG^entists  r^ued  more  than  200  pwsons  from  the  ship 
and  minimised  tiie  oil  pillage  to  the  limit  of  tmir  abilities. 

Biodiversity  is  the  tlurd  rraearch  are»  that  is  important  to  the 
euvircmment.  The  world  has  a  serious  problem  in  ti^  loss  of  genetr 
k  diversity,  which  can  have  an  adverse  ^foct  on  economic  develop- 
ment. We  pwpoBe  to  start  this  effort  wiUi  $11  million  in  1990. 

The  third  strategic  tiieme  is  centers  and  groups  an  expanding 
area  that  reflects  me  need  to  tie  universities  and  industries  more 
tightly  together.  It  is  a  continuatimi  a  direction  we  took  in  1983 
when  we  began  planniiig  the  Engineering  Rramrch  Centers. 

Tim  theme  emphasizes  a  way  of  organizing  remarch  rather  than 
particular  research  areas*  Hie  researdi  in  centws  and  groups  is 
just  as  braic  and  shows  the  same  diversity  as  work  supported  in  the 
disciplinary  programs.  The  difference  is  that  oiganizing  on  a  lai^r 
scale  allows  more  interdisciplinary  work,  and  getting  industry,  and 
sometimes  national  laboratories,  mvolved  helps  to  make  sure  that 
new  knowledge  actually  gets  used* 

Centers  have  also  been  a  very  ^xxl  way  to  leverage  scarce  Feder- 
al researdi  d«dlars  wiUi  indusUy  money,  as  well,  on  more  than  a 
doUar^brdkdlar  basis  in  the  engineering  centers  program.  And  we 
are  expecting  the  same  in  the  science  and  technology  center  arena. 

Overall,  t£ds  area  will  grow  by  almost  18  percent,  although  the 
actual  dollar  increase,  about  $57  miUion,  is  obvicHisly  smaller  than 
the  increase  for  basic  disciplinaiy  programs  or  the  education  and 
human  resources  area  I  di^nissed  befme* 

Witis  part  of  this  incre^ue,  we  will  estaUish  ei^t  to  ten  new  Sci- 
ence and  Technology  Centers  in  addition  to  the  eleven  which  were 
started  this  fiscal  y«u*.  This  continues  the  direction  we  bc^Ean  to 
take  in  1983,  when  the  first  repmi  recommending  establishing  the 
E^tfdneering  Reseaxch  Centm  was  received 

Sven  with  this  growth,  however,  craters  of  all  sorts— the  EBCe^ 
the  STCBf  tiie  minority  craiters,  plant  sdenoe  and  biology  centers, 
earthquake  centers  and  materials  research  labOTatories — remain  a 
small  part  of  the  Foundation.  I  do  not  rapect  it  to  grow  beyond 
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ekoat  10  peroBnt  the  total,  even  as  the  Foundation  budget  dou- 
1^  in  the  next  few  ymrs. 

In  the  bullet  request,  the  figure  for  science  and  technoli^  ran- 
ters is  well  below  the  level  authorized.  As  you  will  recc^ize,  how- 
ever, this  difference  is  the  result  of  factors  that  we  can  discuss 
later  on. 

Let  spend  another  minute  on  the  differrn<xs  between  author^ 
izaticm  and  request  I  mentioned  already  some  of  the  differences, 
l^re  are  minor  variations  between  the  authorization  and  the 
actual  1990  request. 

Overall,  the  request  ^  is  about  5.6  percent  below  the  authorized 
leveL  lliis  is  reflected  in  most  activities.  The  nuyor  directorates 
show  reductions  of  up  to  about  ei|^t  percent  from  the  authorized 
levels*  The  slight  variations  between  the  directorates  reflect  specif- 
ic program  priorities 

The  Computer  and  Information  Science  Directorate  is  an  excep- 
tion to  this  general  statement  It  shows  about  a  two  percent  in- 
crraw.  The  special  emjd^iasis  on  this  relati^^ly  new  directorate  re- 
flects the  overwhelming  importance  of  computexB,  semiconductors, 
and  related  indistries  to  our  economy  and  our  international  com- 
petitivenew.  It  will  aim  allow  grrater  effort  to  develop  our  human 
lesource  base  in  th^  disdplinra  with  special  prc^rams  for  under^ 
giwluates  and  minoritiesi. 

The  authorization  bill  provides  a  lai^ge  amount,  $125  million,  to 
start  a  facilities  program  this  year.  As  you  know,  however,  no 
money  was  appropriated  for  this  purpme,  and  none  is  requested  in 
the  current  budc^t  We  are  proceeding  instep,  as  instructed,  to 
plan  an  effort  for  pc^ible  future  implementation. 

To  accomplish  this,  I  have  established  a  Research  Facilities 
Office,  and  we  have  developed  a  Khedule  to  produce  tlm  requested 
study  and  plan  by  June  15,  l9Sih  I  am  confident  that  we  will  meet 
this  schedide, 

Mr.  Chairman,  you  mentioned  before,  and  I  know  that  your  com- 
mittee is  interrated,  as  we  all  should  be,  in  the  problem  of  setting 
mriorities  among  i^enoe  and  technology  programs.  I  have  spoken 
frequently  of  the  need  to  do  this;  so  have  many  others. 

NSF  takes  priority  settiM  seriously.  It  goes  on  all  during  the 
year,  in  a  careful  pnx^m  of  oudi^t  planning  thai  is  based  on  stra- 
teg^  a)nsiderations  and  an  explicit  long-range  plan. 

Priorities  are  set  at  many  different  levels.  It  is  easiest  at  the 
level  of  the  individual  discipline,  where  committees  of  experts 
make  jude^ents  on  the  basis  of  common  points  of  view.  We  a>uld 


Judgments  between  di»^pUnes  are  more  difficult,  more  a  matter 
of  comparing  apples  and  oranges,  if  you  will.  We  rely  on  groups 
with  broaden  perspectives,  and  ^p^ially  the  National  Science 
Board,  to  help  in  this  matter.  Tl»  criteria  for  deciding  are  more 
varied:  the  elfect  on  human  resound  on  industrial  competitive* 
nese,  on  the  development  of  disciplines,  on  geographic  distribution, 
and  many  more. 


*  Requn^  for  Rmarch  and  ReJat«d  Activitkflw 
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We  do  this  as  systematically  as  we  can,  and  usually  in  incre- 
ments. Large  chang^es  are  almost  never  made  all  at  once,  but 
rather  over  a  number  of  years,  so  that  the  effects  can  be  monitored 
and  corrections  can  be  made  when  nec^issary. 

Science  and  Technology  Centers  are  a  good  example  of  this.  The 
^ort  grew  out  of  our  report  in  1983.  as  I  already  menUoned.  Expe- 
nence  with  these  centers  led  eventually  to  the  Science  and  Tech- 
nology Centers  that  we  began  last  year.  But  it  has  been  a  gradual, 
incrraoental  process,  spanning  more  than  six  years  to  date. 

In  all  of  this  it  is  important  that  we  keep  the  national  interest 
clearly  m  mmd,  that  our  program  choices  are  made  so  that  the  tax 
dollars  we  spend  are  best  used  to  secure  the  long-range  benefit  of 
our  Nation. 

Mr.  Chairman,  the  Foundation's  programs  are  designed  to  be 
both  responsive  to  the  Nation's  needs  and  also  to  provide  the  stable 
support  that  research  programs  must  have.  Our  three  strategic 
tiiemes  which  I  outlined  over  the  last  few  minutes  give  us  a  way  to 
balance  the  need  for  stability  with  the  need  for  chwsge,  and  to  bai- 
lee the  need  for  new  knowledge  today  with  the  need  to  invest  in 
the  people  who  will  provide  tomorrow's  new  knowledge. 

I  believe  these  programs  are  a  wise  investment  for  the  American 
people  and  that  they  justify  the  confidence  you  indicated  when  you 
enacted  our  authorization  bill  last  year. 

I  would  be  pleased  to  respond  to  your  questions,  but  I  think  Dr. 
Powell  would  make  a  few  additional  remarks. 

[The  prepared  statement  of  Mr.  Bloch  follows:] 
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TESTIMONY  OF 
MR«  EHXCH  BtOCH 
DIRECTOR,  NATIONAL  SCIENCE  FOUNDATION 
BEFORE  THE 

SUBCOMMITTEE  SCIENCE,   RESEARCH  AND  TECHNOLOGY 

OF  THE 

COMMITTEE  ON  SCIENCE,   SPACE,  MD  TECHNOLMY 
UNITED  STATES  HOUSE  OF  REPRESENTATIVES 
MARCH  16.  X989 


MR.   CHAIRMAN  AND  MEMBERS  OF  THE  SUBCOMMITTEE: 

I  would  like  to  take  this  opportunity  to  discuss  the  Foundation's 
FY  1990  programs.    These  activities  continue  to  emphasize  the 
people^  knowledge,  and  partnerships  that  are  essential  to 
scientific  discovery,  technological  innovation,  and  national 
economic  and  social  progress. 

CHANGES  IN  SCIENCE  AND  TECWOtOGY  POI.XCY 

In  the  past  several  years  there  has  been  a  significant  change  in 
the  way  the  Administration,  Congress,  and  the  country  view  the 
role  of  science  and  technology  in  national  and  global  affairs. 
Congress  and  this  Cosmiittee  have  been  instrumental  in  drawing 
attention  to  the  connection  between  our  nation *s  science  and 
technology  investment  and  its  general  wall-being.  The 
Foundation  has  played  a  major  part  in  re-shaping  the  federal  role 
to  meet  c changing  environment. 

As  a  nation,  we  recognize  that  in  many  areas  we  can  no  longer 
take  our  world  leadership  for  granted.    That  is  equally  true  with 
regard  to  product  cc^itpetition  in  the  world  isarketplace  and  also 
in  research  and  technology.    The  world  is  highly  competitive,  and 
our  ability  to  meet  this  competition  is  being  seriously 
challenged  in  many  areas.    Where  American  technology  was  the  best 
in  the  world  in  nearly  every  field,  now  other  nations  are  closing 
the  gap,  becoming  our  equal,  or        in  certain  fields  drawing 
ahead  of  us. 

We  also  recognize  that  knowledge  has  become  a  significant 
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•omoffiic  raeource  —  perhaps  aurpassing  in  importance  traditional 
natural  rasourcas  and  labor  costa. 

h  cons^iuence  of  these  changes  In  global  and  econcxBic  dynamics 
haa  bean  an  increased  awareness  of  the  importance  of 
technological  innovation  in  making  the  countxy  internationally 
coiopetitive,  and  the  long-ter»  effect  of  investments  in  education 
research  on  our  econc»ic  and  general  ml  fare* 

NSF  haa  changed  in  reragnition  of  these  developments,    imere  we 
once  could  operate  with  little  regard  to  issues  of  national 
cmcemr  we  now  focus  our  efforts  and  our  role  with  those  issues 
in  mind,    where  we  were  once  more  passive,  responding  primarily 
to  the  needs  of  science  as  expressed  by  scientists,  we  are  now 
catalysts  for  change  —  instigating  scientific  effort)  and 
cooperation  needed  for  broader  progress,  Where  oor  relationships 
at  one  tiae  were  primarily  with  the  scientific  acadraic 
c^amunity,  they  now  include  the  engineering  comiunlty^  industry, 
and  the  teaching  profession^  as  well. 

Due  to  Congress'  and  the  Administration's  focus  on  NSF  and  the 
resulting  increases  in  our  budget,  NSF  is  now  a  more  important 
participant  in  federal  science  and  technology  efforts.  Our 
programs  focus  on  strategic  areas  that  are  directly  related  to 
long-term  scientific  achieveinent.  These  efforts  have  resulted  in 
8i9uificant  changes  and  accooiplishiBents. 

NSF  funding  enables  scientific  and  engineering  research  at  the 
frontier  of  knowledge  through  our  support  of  university  basic 
research  and  its  associated  infrastructure,  which  are  our  prir.ary 
source  of  research  Itnowiedge  and  trained  personnel.    For  example, 
an  eacpiosion  of  research  results  in  high  t^perature 
superconductivity  followed  important  break throughe  made  by  NSF 
supported  research  teams.    Another  example  is  supercc^aputers,  NSF 
established  the  first  program  providing  widespread  academic 
access  to  aupercosiputing  capacity  through  its  national 
supercomputer  centers.  That  access  has  led  to  significant 
achievements  such  as  the  first  mapping  of  the  common  cold  virus 
and  major  progress  in  computer  visualization  techni^es,  for 
example.     Today  there  are    numerous  other  aca<*cx.^c  supercomputer 
facilities  that  followed  on  the  heels  of  NSF's  program,  and  that 
augment  the  availability  of  this  important  new  resource. 

KSF  has  placed  human  resources  development  at  the  top  of  its  list 
of  priorities*  Our  programs  are  designed  strategically  to 
increase  the  numbers  of  young  people  concentrating  on  science  and 
engineering  and  to  improve  the  quality  of  the  education  they 
receive.    Well  trained  scientists  and  engineers  are  indispensable 
to  our  national  efforts;  but  American  students  have  not  been 
pursuing  careers  in  science  and  engineering  in  sufficient  numbers 
to  meet  future  needs.    To  educate  our  students  in  the  sciences, 
our  teacher  population  needs  a  better  educational  base,  more 
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r^rogniticm  of  its  critical  ailsslon,  and  new  antrants  to  fill 
futura  naada.    unieBs  wa  do  a  «uch  battar  job  at  attracting 
•t^Klants  and  giving  thaa  the  t»ast  poaalbla  training,  m  cannot 
Mat  tha  clMllwigea  we  face  in  intematlmal  co^wtitlon. 

M  iiava  Mtabllsbad  progx^n  throughout  HSF  that  aOdraaB 
adiioatim  and  tha  hisaan  raTOurce  isaua  in  many  different  ways. 
^hmrm  have  baan  drmatic  incraaaaa  in  au^iort  for  education  at 
all  lavela  and  affbrta  to  broaiten  partidpaticm  of 
mdar rapi  asentad  grouj;^,  such  aa  woman  and  slnoritiaa;  and 
undarrapremntad  instituticra,  auch  as  undergraduate  colleges  and 
othara.  Support  for  education  and  human  reaourcea  has  grown  frora 
about  3%  of  the  f^T  budget  in  1982  to  over  15%  in  1989.  Another 
tangible  result  of  thMe  efforts  la  that  the  numbers  of  people  — 

atudmts  at  ail  levels^  teachers  ai*d  research  faculty,  and 
imreatigators  —  supported  under  NSF  programs,  have  more  than 
doubled  over  that  period. 

Ttm  Foundation  has  also  challenged  the  traditional  ways  research 
is  organised  and  carried  out  in  an  effort  to  atiiauiate  the 
transfer  of  knowledge  and  prc»Bote  cooperation  of  the 
participants.    Our  eas^asis  on  centers  and  groups  —  together 
with  supporting  Individual  investigators  —    has  stressed 
multidisciplinary  research  and  topics  important  for  the  scimces 
and  engineering  and  relevant  to  econonic  growth  end  development. 

The  center  concept,  idilch  encourages  str<»r>g  industry 
participation  and  Interacticwi,  has  created  an  entirely  new 
research  culture  at  universltlea.  in  fact,  a  number  of  centers 
have  been  established  by  academic  institutions  with  the  help  of 
state  and  industry  funding,  as  a  result  of  relationships 
developed  in  developing  imsuccesaful  but  otherwise  viable 
proposals  for  NSF  support. 

New  Relationships 

As  NSF's  role  in  education,  science,  and  engineering  changes,  new 
relationships  need  to  be  forged. 

Industrial  participation  in  many  of  our  programs  is  Important  not 
only  for  the  monetary  supi^rt  that  participation  provides,  but 
because  it  Improves  coimBunication  between  important  sectors  of 
our  societ^/.     Initiatives  such  as  the  Engineering  Research 
Centers  a-id  Science  and  Technology  Centers,  the  Industry  - 
University  Cooperative  Research  Centers,  and  the  Presidential 
Young  Investigators  program  serve  to  facilitate  knowledge 
transfer  and  establish  new  working  relationships  thax  hasten 
progress  and  impxwe  focus  on  ccmmon  interests. 

We  have  had  conversations  with  the  National  Governors 
Association,  individual  Governors  and  state  administrators  to 
encourage  increased  coupling  between  NSF  and  state  financed 
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programs  for  a  rooro  synergistic  relationship. 

Zntemational  relationships  are  increasingly  ii^rtant*  The 
rising  cost  of  research,  budget  realities,  and  the  increasing 
strength  of  our  trading  partners  in  the  research  arena  have  made 
It  vital  to  gain  access  to  their  research  corapetence  and  pursue 
joint  efforts  in  areas  of  mtual  interest.  Areas  such  as 
astroiKimy,  physics,  oom>logy,  eartlHiuake  research,  and  global 
enviroxvBent  are  particularly  in^rtant  for  such  relationships. 

Mmy  of  our  programs  also  involve  cooperation  with  other 
agenciee^    The  U.S.  Global  Change  Hesearch  ^ograa  is  an 
Mpeoiaxiy  interesting  exasple  of  the  interagency  cooperative 
ain»roach  we  are  encouraging.    Education  is  another  example.  He 
are  pursuing  coc^ration  in  this  area  with  the  Departwwit  of 
Education  as  we  look  for  ways  to  make  the  President's  ct»amitiRent 
to  education  more  effective  within  probable  budget  constraints. 
For  example,  wa  have  Jointly  supported  children's  television 
prograjaning,  such  as  "3-2-1  Contact";  and  various  national 
education  assessment  efforts,  such  as  the  National  Assessment  of 
Educational  progress. 

Continuity  and  Future  Planning  Environment 


Change  is  a  necessary  condition  for  progress  and  growth.  Changes 
in  our  perspective  on  the  role  of  science  and  technology  and 
changes  in  the  way  NSF  carries  out  its  traditional  role  in 
promoting  the  health  of  science  have  provided  □  fresh  focus,  set 
the  stage  for  a  series  of  new  initiatives,  and  invigorated 
iMUsting  programs. 

In  aiWition  to  change,  continuity,  stability,  and  a  predictable 
planning  environment  are  issportant.    Research  results  are  not 
usually  achieved  in  short  periods,  and  many  research  p;  >>^iems 
have  very  long  horisons.  socl^i  and  economic  probleias  0  ^nany 
years  In  the  making  and  reqi;ire  sustained  efforts  to  correct.  New 
challenges  continually  arise,  and  we  need  to       prepared  to 
respond  to  thew* 

The  cojranitiiient  by  the  AdroinisTration  in  the  19^9  and  1990 
Budgets,  and  the  tongress'  comroitment  in  the  1989  Authorization 
Act,  to  double  the  Foundation's  budget  by  1993  go  a  long  way 
toward  providing  that  stable  planning  environment.    It  will  allow 
us  to  focus  on  building  the  research  infrastructure  and 
eaphaslsing  those  areas  roost  related  to  national  challenges  and 
opportunities. 

Challenges  and  Opportunities 

The  Federal  research  support  effort  for  FY  1990  again  emphasizes 
as  one  of  our  highest  priorities,   uie  need  to  strengthen  U.S. 
technology  and  competltlvenese  through  research. 
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Ol<^bal  terlron— nt.    J^m  important  as  our  rMponaa  to  thm 
tachnological  ohallm^s  of  a  global  e^moMy  may  be,  m  too  is 
cm  undaratmding  of  .tha  glottal  aaivixoimant  and  tha  af facta  of 
mn-Mda  influanoaa  on  it.    Tha  iaaua  of  glotmi  ohaim^  ia  of 
obvioM  critical  eoncam.    Zt  illuatrataa  -*    partus  batter  than 
anf  other  exw^le  -  tha  cnormoua  acale,  complexity,  and  nulti- 
diaoiplinary  nature  of  Mny  reaaarch  areaa.  NSr  part  of  tha 

overall  FY  1990  U.S.  Global  Chai^  HMearoh  Frograa  ia  29%  of  thm 
total.  Our  prograA  eupporte  the  gaoacieviMa  and  other  efforts 
that  seek  to  iinterBtand  how  the  earth  fmctiona  as  an 
inter^Mrmected  syetaa. 

Research  in  the  tatarotic  area,  uniquely  important  to  ou*- 
understanding  of  several  phsnacsna  related  to  clioatic  c  ngs,  io 
one  exaiq>le»    A  sujor  initiative  in  Biodivereity,  foousm  on 
underatandirg  the  eartmt  and  environMoital  ij^licationa  of  the 
loss  of  apeciea  and  habitats,  is  another.    Theae  activities 
require  not  only  direct  support  for  research,  but  large-scale 
t^Hurations  and  logistics. 

Matitfisls.    A  rapidly  expanding  scientific  knowledge  baae  is 

providing  significant  opsK»rtunitiaa  to  advance  t^w  state  of  tha 
art  in  materials  procsssing.    SvsryonA  is  aware  of  thm  rapid 
<Hnrelopasnta  in  supero%»Kluntivity  that  prottise  iii^>ortant 
teohmlogioai  advances  and  etmusiio  bwnefits*    Materials  research 
is  aiao  havii^  great  i^Nict  on  the  d^elopamit  of  applications 
involving  saxaic»nductors,  sultsicron  circuitry,  sicroeiectrmic 
tschnologips,  surface  teohno'^ogy,  coiDSiosita  naterials,  and  other 
arass. 

Maw  Ret  aarch  Toola.    Tha  mploitatim  of  opportunities  for  new 
reaearch  discoveries  with  ia^rtant  eponoadc  potential  is  often 
paced  by  the  availability  of  special  tools  that  extend  tht>  limits 
of  craputationai  capacity,  escperimsntax  conditions^  and 
aaastirement* 

Tor  BKmaple,  forefront  research  in  a  number  of  physical  and 
biological  scisncs  ax.    '  depm^  on  scisntific  a^ass  to  high 
sagnetic  fields 

Research  efforts  in  high  performance  computing  and  communication 
will  advance  cmputer  and  information  scimxtB  and  engineering,  as 
rail  as  serving  the  broader  nmds  of  investigators  across  all 
disciplinss. 

Ths  pacs  of  technological  davalopa^nt  depends  on  ths  knowledge 
gsnerated  by  research.    Breakthroughs  in  critical  areas  are 
requiring  an  increasingly  expensive  multidisciplinsry  and  capital 
intensive  apjrroach*    We  must  make  the  necessary  resources 
available  for  basic  research,  or  face  the  negative  consequences 
for  productivity,  competitiveness,  and  ecomxbic  progress* 
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-lorlties 

A  f«*  words  about  priority  settliHI  should  be  s«ld.    Within  NSF 
ttiora  iB  a  continuing  need  to  set  priorities  across  fields  of 

™^  ©f^lnesrlng  and  aaong  many  coapating  initiatives  of 
iiapoxtanoe  and  high  iwrlt.    This  is  no  different  in  principle 
from  the  problra  faced  by  Congress  in  ocmsldering  progress  across 
all  areas  of  naticmial  respmsiblllty.    M  cannot  accomplish 
sverythlng  within  available  resources,  and  choices  must  be  aiado. 

Kt  NSF,  overall  priority  setting  is  acc<»^llshed  thrxmgh  a  broad 
framework  of  information  gathering  and  strategic  plannlM.  The 
Foundation's  Lcxig  Hange  Plan  for  FV  1989-1993  was  published  last 
suaiffler,  and  we  have  already  begun  re-examining  the  assumptions 
and  environment  upctfi  which  it  was  based*    CXir  programs  for  FY 
1990  were  developed  in  the  ccmtsat  of  that  Kmg  range  plan,  and 
our  priorities  flow  from  its  broad  objectives  and  themes. 

Our  planning  and  priorities  Involve  information,  advice,  and 
axpertisa  from  a  large  range  of  people  and  organizations  frc»R  all 
sectors.    The  process  involves  disciplinary  advisory  com  ittsfis, 
aoad&aic  and  National  Research  Council  task  groups  arei 
ct»aiittees,  academic  and  Industry  associations  and  coRwilttees 
our  own  professional  staff,  and  the  National  Science  Board.  ' 
Planning,  priority  setting,  and  bucketing  are  done  within  the 
context  of,  and  take  into  account^  national  goals,  the  health  of 
science  and  education,  scientific  needs  and  opportunities  and 
many  other  factors. 

Nithin  our  directorates,  hard  choices  are  made  among  highly 
meritorious  projects-    These  choi.-es  are  also  made  within  the 
context  of  overall  Foundation  prloriMes  and  objectives,  and 
involve  an  extensive  merit  review  process.    Each  directorate  also 
engages  in  a  broadly  based  advisory  process  that  assists  In 
overall  priority  setting  within  disciplines. 

There  are  no  easy  choices,  and  priorities  must  be  continually 
reassessed  in  light  of  new  developments  and  opportunities,  m  the 
long  run,  however,  the  Foundation's  first  priority  haa  been 
people,  both  in  developing  human  resources  and  in  research 
support.    Our  second  priority  has  been  the  instrument at ion  needed 
for  education  and  research.  Our  third  priority  remains  the 
larger,  shared  facilities  that  provide  access  to  advanced 
instrximentation  and  computational  capabilities. 

Our  priority  setting  is  guided,  as  well,  by  national  objectives 
as  articulated  by  the  federal  authorization  and  budgeting 
process,  in  which  these  oversight  hearing^^  play  a  significant 
role.  The  Foundation's  programs  for  FY  1990  are  consistent  with 
the  framework  provided  in  our  recently  enacted  five  year 
authorization,     it  should  be  noted  that,  pursuant  to  Title  II  of 
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the  KSF  Authorisr.tlcm  Act,  k8  astabXlshed  a  Rosaarch  Facilities 
Offico  (RFO)  in  Iiecei^r  1989.    «ie  Offioa  is  ireapcmsible  for 
managing  the  development  of  the  Acadraic  Research  Facilities 
Kodemization  Frogrmn^  as  directed  in  the  act*  An  assesssent  of 
current  facility  capacity  and  future  needs  is  being  conducted  as 
part  of  deteraining  a  detailed  program  plan. 


The  FY  1990  budget  rcMjuest  for  the  National  Science  Foundation  is 
$2*149  billion.,  an  increase  of  14%  above  FY  1989. 

As  previously  noted,  tl^is  request  is  ctmsistent  with  NSF's 
doubling  strategy  as  articulated  in  the  President's  Budget 
Message  and  reflected  in  the  Foimdation's  current  authorization. 
The  budgeted  programs  support  needed  growth  in  the  nation's 
science  and  engineering  research  and  education  efforts.  We 
believe  it  also  reflects  the  growing  awareness  of  the  importance 
of  U*  S.  science  and  technology  in  responding  to  naticmal  and 
global  challenges  and  opportunities. 

Our  FY  1990  prograro  again  onphasise  three  thrust  areas: 

o       Education  and  People  —  There  is  an  urgent  need  to 

address  the  huaan  resources  issue  across  all  parts  of 
the  educational  pipeline 

o       Knowledge  generation  ^-  Vie  need  to  strengthen  the 
traditional  disciplinary  research  base  and  the 
facilities  that  support  it. 

o       Nultidisciplinary  Cooperation  —  Our  group  and  centers 
research  programs  promote  new  partnerships  in  attacking 
problems  and  exploiting  new  knowle<ige. 


In  FY  1990  we  plan  over  $347  million  for  support  of  education  and 
human  resource  development*  This  is  an  increase  of  slTOst  22% 
over  FY  1989. 

Education  and  Technical  Personnel 

Support  for  education  and  human  resources  continues  to  be  one  of 
our  highest  priorities.  The  nation's  science  and  technology 
efforts  ultimately  depend  on  an  adequate  supply  of  highly  trained 
and  educated  people^ 

Last  year  I  presented  sc«oe  striking  facts  that  bear  repeating; 
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o       Less  than  20%  of  high  scIksoI  sophomores  ar©  interested 
In  careers  in  natural  sciences  or  engineering. 

o       Only  1  in  20    students  who  go  on  to  college  receive 
baccalaureate  degrees  in  science  or  engineering. 

o       Less  than  a  third  of  them  continue  training;  and  only  a 
quarter  of  those  wto  do,  eventually  receive  doctorates. 

Thus,  from  a  population  of  4  ©iii^ion  high  school  students,  we  can 
expect  only  about  200,000  baccalaureate  scientists  and  10,000 
doctorates*  (Figure  1)    past  tremle  suggest  that  desand  for 
ecientiats  and  ex^ineers  will  increase  for  years  to  c<»»e.  (Figure 
2)    With  the  number  of  college  age  students  dropping  steadily,  we 
face  a  potentially  serious  shortage  of  technical  personnel  unless 
a  greater  proportion  of  the  student  population  is  attracted  to 
science  and  engineering. 

Our  approach  in  supporting  education  and  human  resources  has 
been  wide-ranging,  ani  involves  efforts  by  all  parts  of  the 
Foundation. 

Our  ^Dphasis  on  this  issue  has  resulted  in  significant  increases 
In  the  support  of  education,  especially  in  pre-college  end 
undergraduate  areas.    NSF  support  of  Individuals  throughout  its 
programs  has  increased  substantially,  as  well.  (Figure  3) 

The  Foundation's  precollege  programs  are  the  largest  component  of 
our  education  and  huaian  resources  effort.     Fre-college  activities 
will  again  emphasize  teacher  preparation  and  instructional 
laaterlal  development,  especially  in  middle  cchool  aiathe»»atlcs. 

NSF  Pre-college  support  has  increased  dramatically  since  1983. 
Nevertheless,  the  NSF  role  in  pre-college  education  is  very  small 
in  relation  to  federal  and  state  support  for  education,  and 
focuses  only  on  science  and  niathKHatics.    We  can  lead  and 
stimulate  others  to  lead  and  to  innovate.    The  States  -  which 
bear  the  principal  responsibility  for  education  -  must  step 
forward  with  renewed  efforts  in  thle  area.    Ve  need  to  continue 
to  encourage  partnerships  awong  the  state,  local,  and  private 
players  concerned  with  responsibilities  in  these  areas. 

Pre-college  science  and  aatheaatics  education  has  a  potentially 
large  Impact  on  the  long-terra  prospects  for  the  recruitment  and 
retention  of  scientists  and  engineers.    While  today's  effort a  in 
thle  area  pay  off  sometime  in  the  next  century,  we  also  need  to 
attract  more  university  and  college  students  from  today's 
cohorts. 

One  way  of  encouraging  more  students  to  pursue  scientific  and 
engineering  careers  is  through  the  improvement  of  undergraduate 
education.    Sun^*  programs  are  another  avea  of  NSF  emphasis.  The 
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Founda'tion  has  develop^  a  cc^rehensiva  range  of  undergraduate 
programs  thate  in  FY  1990,  would  increase  by  over  62%  to  almost 
8X0S  Allllon.    ThsBs  efforts  involve  programs  across  NSF  and 
include  support  for  student  research,  faculty  enhancement,  course 
curriculum  davelc^^ent^  and  instructional  instrunientatlon. 
He  have  also  fo<n»8ed  significant  efforts  on  broadening 
participation  of  groups  and  performers  now  underrepresented  in 
science  and  engineering. 

Attracting  and  retaining  minorities  and  women  in  science  and 
ei^ineering  means  overc^ing  special  and  longstanding  problems. 
Tet,  changing  demgraphics  indicate  that  underrepresented 
aiinoritiea  and  wo«en  will  make  up  a  wuch  larger  proportion  of 
student  populati€»iB  and  new  mrkforce  entrants  In  the  next  twenty 
years  than  today,  it  essential  to  look  to  all  segments  of  our 
population  for  the  scientists  and  engineers  we  need.    NSF  has 
increased  and  added  new  prograas  in  this  area^  such  as  Besearch 
Careers  for  Wlnority  Scholars;  Career  Access  Opportunities  for 
Itosen,  Minorities,  and  Disabled;  Minority  Research  Centers  of 
Bxcellence;  and  other  targeted  programs « 

NSF  VOSXriGH  OH  SCTOUU^SHIP  BILLS 

I  vont  to  comment  on  several  bills  proposed  to  establish 
undergraduate  scholarship  programs,     X  coroend  Members  of  this 
Subco«mlttee  for  their  initiatives  in  this  important  effort  to 
provide  financial  support  and  increased  pres'^ige  to  attract  young 
people «  who  are  considering  science ^  mathema>;ic8«  and  engineering 
careers. 

Within  NSF's  undergraduate  science  education  activities,  which  I 
mentioned  earlier,  we  have  designed  programs  to  have  the  broadest 
possible  Impact  on  students  in  all  disciplinary  science  fields. 
In  this  way^  we  believe  that  NSF  is  increasing  support  for,  and 
achieving  a  balance  in  funding  of,  undergraduate  science 
education  activities. 

The  Administration  soon  will  submit  its  science  scholarship 
proposal  to  Congress,  which  has  similar  objectives  as  the 
legislation  Introduced  by  Members  of  this  Subcommittee «  I 
support  this  Presidential  initiative  to  create  a  **National 
Science  Scholars  Program*  wJthln  the  Department  of  Education  and 
hope  the  Congress  will  move  ejc^^ditiously  to  enact  it. 

KNOWLEDGE  GENERATION:     UlSClPLINARY  RESEARCH  AND  FACILITIES 

A  primary  focus  of  both  federal  investment  in  R&D  and  NSF  support 
is  university-based  basic  research  and  capacity.     Our  FV  1990 
plans  would  include  moxB  than  $1,3  billion  for  disciplinary 
research  and  the  facilities  that  support  it,  an  increase  of  11% 
over  FY  1989. 
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U^S.  unlvaralties  atnS  c^llegos  are  the  major  performers  of  basic 
rMaari^  and  the  primary  source  of  our  technical  workforce-  The 
knowledge  produoiK!  by  the  univereity-based  research  systea  is  the 
prisary  fueX  for  innovation  and,  ultimately,  econoraic  strength. 
8oi«everr  the  need  to  re-^^ihaslze  the  role  of  univeraity-based 
raaearoh  is  increasingly  amwnent. 

Trends  in  Support 

X  have  noted  before  that  the  KSF  research  and  related 
asn»^riation  in  constant  dollars  hes  been  al»ost  level  for 
several  years.  (Figure  4}    Related  trends  in  the  overall  federal 
budget  are  significant; 

o       Federal  support  for  b*»^ic  research,  in  constant 

dollars,  has  increased  little  over  the  past  tventy-five 
years in  relation  to  total  r&d  spending.  (Figure  5) 

o       Within  civilian  nuX),  the  share  of  federal  support  going 
to  universities  and  colleges  has  bef?n  falling,  even 
though  the  dollar  amount  has  increased  since  1980, 
(Figure  6) 

These  trends  are  significant  because  it  is  basic  research 
performed  at  universities  and  colleges,  including  the  various 
physical  science  and  engineering  prograiRs  included  in  the  NSf 
appropriation^  that  is  of  primary  importance  in  fueling 
industrial  competitiveness  and  understanding  the  global 
environment.    We  must  invigorate  those  programs  and  fields  of 
support  where  the  challenges  and  opportunities  are  greatest. 

We  previously  highlighted  broadly-based  efforts  in  multi- 
disciplinary  research  focusing  on  global  change,  biodiversity, 
materials,  and  high  performance  computing,  continued  growth  is 
also  reguested  in  other  high  priority  areas  such  as  genetics, 
mathematics^  microscale  chemical  procassing^  and  software 
engineering . 

It  is  also  important  that  we  address  the  need  to  increase  the 
size  of  NSF  project  grants,  including  the  need  to  boost  funding 
for  small -*scBle  instrumentation. 

The  FY  1990  Budget  includes  renewals  and  major  upgrades  for 
hardware  and  supporting  systems  at  the  five  supercomputer  centers 
and  SKpansion  and  improvements  of  NSFNET  operations  and  service. 

The  need  for  better  access  to  high  magnetic  fields  for  research 
in  many  areas  of  the  physical  sciences  is  vital.  Higher  magnetic 
fields  than  ere  currently  available  would  significantly  enhance 
progress  in  several  areas,  including  superconductivity.  Many 
other  nations  have  upgraded  their  magnetic  field  capabilities. 
Our  1990  program  calls  for  a  new  facility  —  the  National  High 
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Magnetic  Field  Laboratory  —  to  mwt  the  needs  of  U.S. 
researchers. 

The  ^aracter  of  U*S«  activity  iJi  Antarctica  has  changed  froio 
eaipmlitionary  to  permanent  scientific  presence,    tfith  this  change 
has  come  e  re«>gnition  that  safety,  health,  and  enviromsental 
ccoioems  aiust  be  addressed  in  a  serious  way.    Our  request 
includes  a  major,  nulti-yaar  initiative  to  improve  those 
conditions  in  the  region* 


MUX-TIDISCIPLINARY  CWPERATIDN:  CENTERS  AND  GKWPS 

We  have  stressed  the  importance  of  cooperation  »iong  the  various 
players  in  the  research  raterprise  and  the  econoiBy  as  a  necessary 
elestent  in  prot^tlng  technological  innovaticm.    Progress  in  many 
areas  of  science  depends  on  collaboration  between  investigators 
from  different  fields  and  between  industry  and  universities. 

HSF  has  been  a  leader  in  developing  new  ways  to  encourage  this 
cooperation.  Our  group  and  centers  research  programs  have 
prraoted  new  partnerships  and  cooperation  among  the  players.  They 
have  encouraged  multidisciplinary  coc^ration  among  individual 
investigators  and  the  sharing  of  costly  research  tools  in 
addressing  large  and  cc»iplex  research  probl^^.  They  have 
provided  a  setting  that  forges  linkages  between  universities  and 
industry,  and  between  federal  and  state  government.  They  have 
created  unique  educational  opportunities  for  many  undergraduate, 
graduate,  and  postdcK:toral  students. 

The  university-- industry  cooperation  fostered  by  the  centers 
concept  has  Included  significant  industrial  participation  in  NSF 
supported  programs.    This  has  meant  more  resources  focused  on 
university  research  in  the  form  of  industrial  participation.  We 
estimate  that  over  $300  million  in  industry  contributions  was 
generated  in  direct  support  of  all  NSF  programs  in  FV  i9B8,  about 
a  third  of  which  was  cost  participation  in  centers  and  group 
research. 

Support  for  research  centers  and  grroups  would  total  S376  million 
in  FY  1990.  Tnis  includes  funding  for  8-10  new  Science  and 
Technology  Centers,  and  additional  new  centers  in  several  other 
established  areas,  including  Engineering  Besearch  Centers, 
Comprehensive  Regional  Centers  for  Minorities,  and  the 
Industry/University  Cooperative  Research  Centers. 

Z  want  to  address  the  continuing  concern  of  those  who  feel  that 
support  for  centers  has  been  at  ihe  expense  of  support  for 
individual  investigators. 

Through  the  centers  programs  we  have  encouraged  roultldiscipiinary 
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aiwl  oroanlsaticmftl  linkagvs  that  proviito  mw  mppromehM  to 
rM#arch  and  using  research  toiowl^^.    He  believe  these  linkages 
provide  a  healthy  diversity  and  eerve  to  coi^lramt  traditlonasi, 
eingie-inveatigator  initiated  research*  They  often  create 
omK^rtunities  for  investigators  to  mtU  in  ways  «iat  can  enhance 
individual  creativity,  mwy  Oq  not  and  itill  mrt:  replace 
individual  research  projecte  as  the  priaery  «ec^ianiaa  of  nsf 
support.  The  number  of  individual  investigatoxe  eiq^xurted  by  NSF 
grants  continues  to  imsrease  mnd  will  be  a  continuing  priority. 
Focusing  on  the  organisation  of  research  should  not  town-plsy  a 
fundamental  objective  of  NSF:  to  support  the  beat  research 
performed  by  the  best  people «  This  haa  always  been  our  primary 
concern,  be  it  by  individuals,  in  groups,  or  centers. 

Salariea 

Finally,  1  want  to  ccmient  on  one  aspect  of  the  himan  resources 
issue  that  hits  close  to  home-    A  growing  problem  exists  across 
govemmnt  in  attracting  high  caliber  scientists  and  engineers  to 
the  federal  workforce*    Government  salaries  are  no  longer 
competitive  with  private  sector  and  university  salaries  for 
senior  people  in  many  fields  of  acimce  and  engineering. 

In  order  to  carry  out  our  programs,  it  is  essential  that  NSF  be 
able  to  attract  senior  researchers  to  manage  them.    Salaries  for 
full  professors  at  major  private  research  tiniversities  now 
average  $90  -  100  thousand  in  the  natural  sciences  and 
«:iginGaring.    Public  universities  are  not  far  behind  at  S7E  -  90 
thousand. 

Sc»«e  individuals  are  willing  to  tn^e  a  pay  cut  in  order  to 
fulfill  what  they  consider  to  be  a  public  service  objective.  But 
we  cannot  depend  on  individual  philanthropy  to  run  major  federal 
programs;  nor  should  wa  have  to.    Ne  believe  that  in  order  to 
repjain  rm  organization  of  excellence,  a  new  mechanism  must  be 
fcund  to  solve  the  basic  problem  of  adequate  ccmtpensation.  We 
mui-t  be  able  to  compete  on  a  level  field  for  talented  ecientlats 
and  engineers p 


SUMMARY 

The  National  Science  Foundation  programs  for  FY  1990  win 
contribute  in  important  ways  to  strengthening  U.S.  technology: 

o       Through  the  efforto  of  highly  trained  and  educated 
people  from  all  segments  of  our  population; 

o       Through  the  knowledge  generated  by  university-based 
research  in  all  fields  of  science  and  engineering; 
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o  fUroiifh  •  div«ru  nMarcOi  •nvirenMnt,  (n^^sising 
aaltidlMipxliiiury  ooopnatioo  ami  iMirticiipatim  of  all 
rMMrA  Mcton. 

Our  natltmy  ecmtisiuafS  c»nitMiit  to  olgnificAiit  limg-tan 
iiiVMtamt  In  thoso  MMntial  aloMnts  of  our  raaearch  •fforta 
will  ultisataly  dutaraina  our  succoss  in  •xpXoiting 
technological  opportunitiaa,  naintaining  aconoaic 
eoi^atittiraima,  and  Mating  anvireimantal  and  otbar  challangaa. 

^ngraaa  and  thia  cnodttaa  haa  baan  inatrunental  in  proaotitig 
tHa  ia|>ortanca  of  aducation  and  raasarch  to  our  national 
intaraata.  i  know  va  can  count  on  your  continuing  au]^rt. 
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PERSISTENCE  OF  NATURAL  SCIENCE  AND  ENGINEERING  INTEREST 
FROM  HIGH  SCHOOL  THROUGH  PH.D.  DEGREE 
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Mr.  Walgbjsn.  We  will  turn  to  Dr.  Powell, 

STATEMENT  OF  DR.  JAMES  L.  POWELL,  MEMBER,  NATIONAL 

SCIENCE  BOARD 

Dr.  Powell.  Thank  vou,  Mr.  Walgren,  and  I  would  like  to  thank 
Mi.  Wolpe,  a  "F*^ie, '  for  his  warm  introduction.  And  I  c?ertainly 
e^Joved  meeting  him  and  having  breakfast  with  him  this  morning. 
I  will  do  my  b^t  to  make  sure  that  his  alma  mater  maintains  its 
traditions. 

I  do  not  h/ive  a  prepared  state  nent  this  morning.  I  would  merely 
like  to  share  a  few  oi^rvations  with  you.  First,  a  little  bit  of  per- 
son history.  I  first  appeared  before  this  committee  in  1975,  when 
Mr.  Mosher  wa»  sitting  up  there,  a  giant  of  a  man  who  has  left 
some  very  big  shoes  to  be  filled  in  this  area,  Mr.  Walgren  has  cer- 
tainly filled  them  admirably,  but  I  think  all  of  us  interested  in  xi- 
ence  education  owe  a  real  debt  of  gratitude  to  Mr.  M(»her* 

The  next  time  I  appeared  was  ija  the  early  198{te,  at  a  time  when 
Director  Bloch  was  speaking  of,  when  the  scieni^  education  budget 
was  headed  for  zero,  and  at  a  rather  rapid  pace.  As  we  know, 
things  look  much,  much  better  today. 

In  those  days,  only  i^ven  or  eight  years  ago,  we  were  not  so 
aware  as  we  ure  today  of  the  impending  crisis  in  science  education. 
Today,  one  can  hardly  pick  up  a  national  newspaper  without  being 
reminded  of  it  again.  Just  this  week  there  was  a  conference  put  on 
by  the  American  Medical  Association  where  Dr.  Shakhashiri  and  I 
both  spoke. 

The  AAAS  has  come  out  with  &n  exciting  new  program.  The  sci- 
entific societies  are  getting  involved.  Of  couree,  NSF  has  been  con- 
cerned about  this  for  years  and  is,  as  I  see  it,  really  at  the  center  of 
this  most  important  effort. 

As  Mr.  Boehlert  suggested,  it  is  not  necrasary  to  remind  this 
committer  of  all  the  depressing  statistic  that  we  read  about.  I 
would  just  like  to  mention  two  that  make  a  particular  impression 
on  me. 

One  is  that,  as  we  know,  science  and  engineering  expertise  and 
education  is  important,  crucial,  to  (X)mpetitiveness  todav.  We  know 
that  the  Japanese  and,  increasingly,  the  Koreans  have  been  taking 
our  ideas  and  doing  better  with  them  than  we  have  been  able  to  do. 

Now  we  also  know  that  Japanese  and  Korean  children  are  out- 
scoring  our  children  on  the%  international  science  and  mathemat- 
ics tests,  and  I  am  worrying  that  we  are  going  to  get  to  a  point 
where  they  will  have  their  own  id^s  better  than  our  ideas.  Then 
where  will  we  be?  That  is  a  concern. 

Another  concern  is,  in  a  way,  I  think,  an  advantage,  and  again, 
Director  Bloch  spoke  about  this.  We  haw  a  great  increase  coming 
in  our  work  force  in  women  and  minorities.  We  have  an  untapped 
pool  You  can  think  of  it  as  the  glass  half  full,  I  think,  as  well  as 
half  empty.  If  we  wuld  find  a  way  to  briCNg  more  women  and  more 
minorities  into  science  and  into  engineering,  we  would  be  able  to 
rec<^nize  a  considerable  benefit  that  we  have  over  the  countries  I 
was  just  mentioning,  where  we  are  decades  ahead  in  opportunities 
for  women  and  where  minorities  are  not  even  present  in  most 
cai^. 
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These  kinds  of  concerns  are  what  have  led  the  Science  Founda- 
tion and  the  education  and  human  resources  portion  the  budget 
to  grow  the  most  of  any  of  the  three  sreBB  that  the  director  men- 
tiimed,  by  ^  percent  in  the  budgvt  we  are  talking  about.  Thi«i  in- 
crease inv^ves  all  levels,  from  ele^nentary  through  graduate. 

I  was  on  the  Neal  Cc^nunittee,^  which  focused  on  undergraduate 
education  and  how  the  country  was  doing*  The  fact  that  that  com- 
mittee existed  reflected  the  a>nc»m  of  the  director  and  of  the  Na- 
tional Science  Bcmrd  with  undergraduate  education,  and  the  recc^- 
nition  that  sometiiing  was  wrong  and  we  needed  to  take  a  good 
look  at  it. 

There  was  a  recognition  that,  at  the  undei^aduate  level,  the 
people  who  are  not  going  to  be  scientists  but  are  going  to  be  college 
l^duaces  take  their  last  science  course — that  is,  their  last  chance 
m  a  formal  way  to  receive  science  education — and  it  is  also,  in  a 
way^  the  first  opportunity  for  people  who  are  going  to  become  sci- 
entists to  take  a  serious,  high-level  rigorous  course  in  science. 

So,  at  the  underi^raduate  level,  you  are  realW  ^eing  an  opportu- 
nitv  to  educate  citizens  and  also  to  get  our  future  scientists  and 
technologists  started  out  on  the  right  track*  So  it  is  quite  critic^. 

That  is  the  reason  the  Neal  Committee  was  formed-  It  found,  as 
yon  know,  some  serious  problems  in  all  areas:  quality  of  teaching, 
quality  of  the  curriculum,  quality  o**  equipment.  And  here,  three 
years  later,  the  Science  Fotmdation  has  pn^ams  in  science  and 
engineering  education  in  each  of  those  areas  funded  at  what  I 
r^rd  as  a  ^Dod  level.  It  a>uld  alwa^  be  more,  but  it  is  adequate,  I 
think,  and  far  better  than  it  was  just  a  few  years  ago. 

The  proportions  are  roughly  those  that  were  recommended  in  the 
Neal  Committee  report.  I  think  the  overall  level  is  reasonable, 
given  that  for  one  year  we  had  very  httle  overall  growth  in  the  Sci- 
ence Foundation  budget. 

Let  me  mention  a  specific  point  that  has  come  up  before  this 
morning,  and  that  is  the  relationship  between  education  activities 
conducted  in  that  directorate  and  ones  conducted  in  the  research 
directorates.  I  can  assure  you  that  the  Education  and  Human  Re- 
sources Committee  ^  discuoses  this  subject,  this  balance,  several 
times  a  year,  and  we  recc^ize  that,  in  an  ideal  sense,  research  is 
teaching.  It  is  certainly  teaching  the  researchers,  but  we  *hink  it 
also  is  teaching  the  students  who  are  wc-king  in  the  laboratories. 

This  is  mOTt  clear,  I  think,  at  the  graduate  level;  no  one  would 
argue  with  it  there.  It  may  not  be  always  understood  tha^  research 
is  also  a  form  of  teaching  at  the  undergraduate  institutions. 

One  statistic  from  Mr.  Wolpe's  institution:  Over  the  last  decade 
or  so,  there  have  been  several  hundred  papers  written  by  faculty 
members  at  Reed  College,  and  one-third  of  those  papers  nave  had 
student  co-authors.  One-third  of  the  papers  written  by  the  faculty 
have  had  student  co-authors,  undergraduate  co-authors,  and  I 
think  that  makes  that  point  quite  vividly.  The  statistic  may  be  dif- 
ferent but  the  general  point  is  the  same,  I  think,  at  undei^aduate 
institutions  acr(^  the  country. 


^  N»tjon»l  Science  Board  lolnfnitt«^'  *  t  i  t;t'r4rf»duiit<'  Scj**nc<',  Mann^nuUi  m  i-r 
£  Education. 

*  A  commHtee  of  the  Notional  Scit-ncr  r>^^i£''K 
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There  is  alwajTB  a  question  of  the  extent  to  which  we  want  sci- 
ence and  engineering  educati<m  activities  in  that  directorate,  to 
what  extent  we  want  them  in  the  rewarch  directorates.  Oft  the  one 
hand,  we  do  not  want  to  '^ghettois^"  that  whole  activity  by  puUing 
it  in  one  directorate.  If  you  believe  that  research  is  teaching,  then 
^ou  must  want  the  research  directorates  to  have  some  responsibil- 
ity. 

So  it  really  comes  down,  it  seems  to  me.  to  a  matter  of  balmice.  I 
personally  think  that  it  is  reasonable  to,  in  effect,  farm  out  some  of 
the  science  education  activities  into  the  research  directorates,  as 
we  are  now  doing.  Though,  given  the  pressures  that  are  on  the  re- 
srarch  directorates,  I  believe  that  we  need  to  have  a  monitoring 
device  to  make  sure  that  due  attention  is  being  paid  to  educationt 
and  we  have  such  a  device  in  the  form  of  a  committee  in  the  Foun- 
dation* 

I  thought  I  might  close  by  bringing  up  and  ending  with  a  new 
subject,  in  case  the  committee  has  some  interest  in  the  progr^  we 
have  been  making  toward  establishing  the  O0lce  of  Inspector  Gen- 
eral of  the  National  Science  Foundation*  Could  I  just  make  a  few 
remarks  about  that? 

We  are  at  least  on  track  if  not  really,  I  think,  somewhat  ahead  of 
schedule.  We  will  certainly  meet  the  stotutoT  date  next  month.  In 
fact,  it  would  not  surprise  me  if  we  have  an  ^r^^pector  general  ap* 
pointed  sometime  next  week. 

We  have  already  transferred  the  functions  of  the  Office  of  Audit 
and  Oversight  of  the  Foundation  into  the  Office  of  Inspector  Gener- 
al, and  we  appointed  the  head  of  that  office  acting  inspector  gener* 
al. 

This  whole  area  has  already  been  functioning  well  at  the  Scie.nce 
Foundation.  We  have  had  an  Office  of  Audit  and  Oversight  for  sev- 
eral years,  so  it  is  not  something  new. 

The  Board  will  be  the  supervisory  ai^nt  for  the  inspector  gener- 
al. The  chair  of  the  Audit  and  Ororsight  Committee,  which  hap- 
pens to  be  me  right  now,  will  be,  in  defect,  the  supervisor  of  the 
inspector  general.  The  director  will  have  day-to<lay  supervision, 
since  people  on  the  Science  B<mrd  are  obviously  not  there  on  a  day- 
to-day  ba^is. 

We  have  some  outstanding  candidates  for  the  job*  I  believe  that 
our  attitude  on  the  Board  and  at  the  Foundation  is  that  we  see  this 
as  an  opportunity  to  further  sharpen  an  already  very  sharp  oi^ani- 
zation. 

Thank  you»  Mr.  Walgren. 

Mr.  Walgrkn.  Thank  you,  Dr.  Powell. 

Dr.  Moore,  would  you  like  to  comment  at  i}%}B  point? 

STATEMENT  OF  DR.  JOHN  MOORE,  DEPUTY  DIRECTOR,  NSF 
Dr.  MooBS.  Thank  you,  Mr.  Chairman. 

I  really  have  no  lengthy  prepaied  statement,  but  perhaps  I  could 
make  a  remark. 

Dr.  Powell  referred  to  the  qu^ion  of  balance  with  respect  to  the 
und:  rffraduate  programs.  I  just  wanted  to  broaden  tliat  a  little  bit 
tc*      ak  about  the  education  and  human  resources  activities  that 
t/c  undertaking* 
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Our  general  strat^y  is  to  try  to  develop  a  balanced  approach  to 
all  of  the  objecting  that  we  see  in  that  arenat  and  that  means  bal- 
ancing our  prc^frams  along  the  educational  pipeline,  balancing 
them  with  respect  to  certain  objectives — for  example,  broadening 
participation  in  sconce  and  engineering— and,  in  general,  trying  to 
apportion  our  re«)urc€^  within  that  puticular  theme  in  the  most 
efiecti^  way  possible. 

We  also,  I  want  to  say,  have  to  achieve  the  balance  between  the 
educational  and  human  resources  thrusts  in  general  and  the  other 
objectives,  the  other  responsibilities,  that  the  Foundation  has.  This 
committee  is  very  familiar  with  those  other  responsibilities  that 
the  Foundation  has. 

That  balance  is  obtained,  or  we  at  least  saek  to  obtain  that  bal- 
ence,  through  the  proceM  of  priority  setting  that  the  director  de- 
scribed a  few  minutes  a^  and  that  the  Board  and  the  staff  and  a 
lot  of  outside  advisory  groups  participate  in. 

I  just  wanted  to  focus  for  a  serond  on  this  general  problem  of  bal- 
ance and  how  it  relates  to  priority  setting. 

Mr.  Walgren.  ^1  right. 

Well,  thank  you  very  much  for  th^e  statements,  and  I  can  cer- 
tainly appreciate  the  need  for  balance  and  the  difiiculties  within 
the  administration  and  ihat  you  are  coming  up  with  a  proposal  for 
the  amount  of  spending  that  you  would  support. 

In  the  Congress,  of  course,  we  have  some  separated  functions, 
and  it  seems  important  to  me,  when  vm  talk  about  an  authoriza- 
tion—and Members  take  different  approaches  to  this— but  when  I 
look  at  my  own  personal  responsibility,  I  would  like  to  not  see  me 
and  other  authorizing  Members  standing  in  the  way  of  what  should 
be. 

We  have  buc^t  committees  and  appropriations  committ^s,  and 
they  are  particularly  focused,  b^usi^  of  the  r«nge  of  their  jurisdic- 
tion, on  balancing.  But  an  authorizing  committee  is  focused  quite 
solely  just  on  a  relatively  finite  area.  Like  the  jurist  who  said  that 
it  was  important  to  remember  that  it  was  a  Constitution  they  were 
interpreting,  so  I  like  to  think  that  we  ought  to  remeirNjr  that  it  is 
an  authorization  that  we  are  trying  to  develop  in  our  committee, 
and  I  would  argue  very  strongly  that  our  committee  should  develop 
that  authorization  in  a  way  that  we  are  not  standing  and  prevent- 
ing things  that  should  be  able  to  happen  from  happenii^. 

Consequently,  when  I  think  of  science  education,  in  particular,  I 
would  hope  to  see  us  authorizing  what  should  be  able  to  happen, 
and  other  parts  in  the  system  will  have  the  responsibility  to  actual* 
ly  limit  the  dollars  that  might  go  into  that  range.  But  our  role 
would  be  to  point  to  the  number  that  should  be,  so  that  we  do  not 
prevent  something  from  happening  that  should  happen. 

Along  that  line,  I  wanted  to  ask  particularly  about  in^rvice 
training  for  teachers.  The  NationaJ  Science  Board  in  1983  had  a 
report,  "Educating  America  for  the  Twenty-First  Century/'  and 
they  rerommended  particularly  for  in-service  training  institutes  for 
teachers  $350  million  a  year. 

Now,  the  total  this  year  in  the  Science  and  Engineering  Educa- 
tion Directorate,  you  are  recommending  $190  million  of  total  effort, 
curriculum  development  and  everything,  wh^n  the  Science  Board, 
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now  eight  3«are  ago,  recommei  ded  $3^  million  in  in-service  train- 
ing alone.  Kow  much  are  we  .pending  on  in-service  training  now? 

Mr.  BtocH.  Let  ms  give  you  the  answer  to  that  question,  but 
tlM5n  I  wmild  like  to  make  some  other  comments. 

What  we  are  asking  for  in  1990  is  about  $46  million  for  in-service 
training.  Let  me  make  a  comment  on  that  You  should  also  look  at 
the  ai^n:oach  that  are  taking.  The  teachers,  thmselves,  that  we 
are  bringing  into  thest  activities  are  then  utilized  to  form  a  ne^ 
work  with  other  teachers  which  have  not  had  that  experience,  for 
whatever  reason. 

So  I  think  there  is  a  secondary  kind  of  fallout  from  it.  and  I 
think  that  is  true  about  many  of  our  programs,  not  only  in  the  edu- 
(xAifm  area  but  certainly  in  the  education  area,  that  we  are  trying 
to  be  a  catalyst  for  something  else  to  happen  and  not  just  the  end- 
all  of  a  particular  activity. 

Especially  in  an  area  like  this  where  the  responsibility  for  educa- 
tion—and pre-coliege  education,  in  particular— is  diffused  in  the 
country,  in  the  localities,  'n  the  States,  as  well  as  in  the  Federal 
Government,  I  think  the  catalytic  role  of  the  Foundation  is  a  very 
important  one  because  under  no  circumstances  can  we  do  the  total 
whateve"  that  total  job  really  means. 

That  is  the  first  point  I  wanted  to  make  in  direct  answer  to  your 
question.  But  l  would  lite  to  make  a  more  general  

Mr.  Waloren.  Well,  perhaps  you  might— just  one  thought  and 
then— well,  if  you  would  like  to  make  a  general  comment,  I  don't 
mean  to  interrupt. 

Mr.  BixiCH.  Well,  go  ahead. 

Mr.  WAiorTO.  What  I  would  like  to  ask  for  is  help  at  under- 
Branding  what  the  total  job  really  is  because  I  think  we  should  be 
^iuabUng  the  society  to  protec'  itself  and  to  act  in  its  best  national 
inters.  I  admit  tl^t  the  actuivl  spending  levels  will  be  lower,  but 
at  some  point  in  this  committee  proc^.  I  want  us  to  ask  ourselves 
what  should  the  authority  of  the  government  to  spend  in  this  area 
be.  So  when  you  say  it  is  not  the  total  j<*,  how  do  we  decide  what 
the  total  should  be,  which  I  am  sure,  at  some  point  in  your  process, 
you  start  with  and  then  try  to  measure  back  and  balance  back? 

Mr.  BiocH.  What  I  tried  to  say  was  es^ntially  that  in  order  to 
address  that  issue,  like  many  other  'jssues,  where  the  responsibility 
is  diffuse  and  where  it  belongs  to  the  localities  and  where  it  be- 
longs to  the  Federal  Government  and  lo  the  States,  I  think  we 
have  to  understand  the  totality  of  that  particular  effort,  the  State 
effort  and  the  locality  effort,  so  that  we  can  measure  how  far  we 
should  go  or  how  far  we  have  gone. 

What  I  meant  to  say  was,  we  had  better  have  the  total  job  in 
front  of  us,  and  that  is  more  than  just  what  the  Federal  Govern- 
ment can  do  or  should  do. 

Mr.  Walohen.  Maybe  we  can  come  back  to  whet  the  total  job  of 
the  Federal  Government  ought  to  be.  As  a  footnote,  I  am  struck  by 
the  fact  that,  as  a  measure  of  effort,  we  made  a  much  greater  spe- 
cific effort  in  this  area  in  the  past.  In  1967  we  were,  in  that  par- 
ticular directorate,  spending  something  in  the  range  of  300  million 
or  so  present  dollars— measured  in  terms  of  present  effort,  and  of 
course,  this  year  we  are  not. 


But  we  will  come  back  to  that,  and  I  want  to  turn  to  other  Mem- 
bers. We  have  a  lot  of  interest  in  this  subject  and  a  lot  of  people 
who  would  like  to  raise  areas  with  vou*  I  will  bite  my  tongue  and 
hope  othere  will  stay  within  seven-plus  minutes  or  so,  and  then  we 
will  come  back  for  another  round  if  that  will  be  the  will  of  the 
committee. 

Let  me  turn  to  the  gentleman  from  New  York,  who  I  thought 
was  my  friend,  too,  and  then  I  decided  I  had  better  get  a  di^- 
[Laughter.] 

We  got  a  &tpndard  poodle,  by  the  wav,  which  is  very  lai:ge.  It  fills 
in  where  Sherry  falls  short.  [Laughter.] 

Mr.  BoEHLERT.  Mr.  Bloch  knows  that  I  am  indeed  his  friend,  and 
mv  comments  perhaps  should  have  b>en  more  directly  geared  to 
OMB.  But  I  hope  you  are  not  of!enf^.ed  that  I  suggest  you  be  the 
Hcience  czar.  I  think  it  would  be  a  wise  move  on  the  part  of  the 
President. 

Mr.  Bloch.  That  is  what  I  meant  aboc^  friendship.  fLaughter,] 

Mr.  BofiHLERT.  Mr.  Bloch,  let^s  look  at  supera>mputerB  for  a 
minute.  Hiat  is  an  area  in  which  I  have  a  particular  interest  and 
have  had  for  a  long  time. 

The  Science  Bimrd  is  going  to  vote  on  the  future  of  the  supercom* 
puter  centers  in  May.  Is  it  a  qu^ion  of  continuing  the  centers,  or 
IS  it  one  of— which  ones  we  will  upgrade? 

Mr.  Bloch.  Well,  the  review  that  you  mentioned  that  the  Nation- 
al Science  Board  will  have  in  May  is  ^ssentiallv  a  review  of  the 
performance  of  the  supercomputer  centers  that  have  been  now  in 
existence  for  over  three  yeais. 

With  it  goes  obviously  the  qu(»»iion  of  where  should  these  centers 
go.  Should  they  continue  the  way  they  are?  Should  they  be  upgrad* 
ed,  as  you  mention^?  Should  they  be  discontinued? 

I  think  it  is  very  important,  in  the  center  activities— and  the  su* 
percomputer  centers  are  a  little  bit  different  than  the?  other  cen- 
ters, I  must  say,  because  they  provide  a  service  to  the  rest  of  the 
scientific  community,  not  iust  doing  research  within  Uieir  own  four 
walls,  so  they  are  a  little  bit  different— but,  neverthelesB,  it  is  very 
important  that  we  keep  in  front  of  us  at  all  times  the  performance 
of  these  centers,  and  that  is  the  first  order  of  business. 

The  serand  order  of  business,  all  centers  hrve  been  asked  to 
submit  their  propcaai  of  how  they  see  their  fi  ture,  what  they 
would  like  to  do,  and  m  forth,  and  we  have  taken  these  proposals, 
obviouslv,  very  seriously^  and  they  will  be  discussed  with  the 
Board.  We  have  a  set  of  recommendations  thst  we  are  preimring^ — 
are  in  the  prtx^^  of  preparing,  that  we  are  putting  in  front  of  the 
Board,  and  the  Board  has  to  rule  on  that. 

Mr.  BoEHLERT.  How  many  will  get  ui«rades  in  the  fiscal  year 
1990  budget? 

Mr.  Bloch,  Pardon? 

Mr.  BoKHLSRT.  How  many  will  get  ui^ades  in  the  fiscal 
y^r 

Mr.  Bloc^i-  In  the  fiscal  year  1989  budget? 
Mr.  BoEHLERT.  No,  the  1^0  budget. 

Mr.  Bloch.  Oh,  the  fiscal  year  1990  budget.  Well  that  depends, 
obviously.  We  have  about  $2u  miUion  allocated  for  upgrade,  rough- 
ly speaking,  and  how  far  that  will  ^  depends  what  the  ui^ade  in* 
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volves.  It  will  not  be  enough  money  to  upgrade  all  of  them  to  the 
latest  level;  that  is  clrar.  ^  the  ui^^rade  question  is  in  front  of  us. 

CMbviously,  the  proposals  which  ttu^e  Tive  supercomputer  centers 
submitted  exceed  the  dollars  that  we  have  in  our  budget,  which  is 
always  the  care* 

Mr,  BoEHi^T.  I  am  trying  to  figure  out,  would  you  go  ahead 
with  on^  or  two  and  then  the  others  eventually? 
Mr*  Bloch.  Well,  maybe  three. 
Mr.  BoEmjSRT.  And  what  abcmt  the  other  two? 
Mr.  Bloch,  Well,  you  cannot  do  everything  at  once. 

Mr.  BofiHLSRT.  I  understand  that*  but  

Mr*  Block.  We  will  look  again  

Mr.  BoEm.)^.  This  is  not  the  beginning  of  the  end  for  the  other 
two»  is  it? 

Mr.  Block.  Definitely,  the  centers  that  survive,  that  will  exist  in 
the  future,  will  need  to  be  upgraded.  We  cannot  let  th«M  centere 
fall  back  to  a  status  quo  that  exists  today,  because  the  technology 
is  moving  on,  hm  moved  on,  continues  to  move  on.  The  reuuire- 
ments  on  the  centers  are  inci^ising.  By  the  way,  the  dependence 
cm  the  centers  is  increasing*  Once  you  are  hooked  on  peanuts,  you 
canned  let  lome,  and  that  is  the  same  with  supercomputing  or  com- 
{Hiting  in  general.  [Laughter.] 

So  we  know  that,  and  we  are  dedicated  to  make  that  happen. 
But,  like  in  many  other  areas,  and  you  mentioned  a  few  before,  we 
would  like  to  do  more,  Init  within  the  present  resources,  within  the 
balance  that  we  have  to  brix%  to  evei^hing  we  are  doing,  that  is 
about  what  we  thought  we  could  afford. 

Mr.  BoEiiLEKT.  Let  me  just  switch  areas  for  a  minute,  if  I  may. 

Mr.  Bloch,  you  are  a  member  of  a  number  of  inters^ncy  grou{» 
that  are  reviewing  U,S.  policy  in  areas  like  High-Definition  Televi- 
sion. What  steps  do  you  think  the  U,S.  Government  should  be 
taking  in  these  areas?  I  mean,  should  we  be  funding  civilian  con- 
sortia^  for  example? 

Mr.  Block.  WeU,  yes,  I  am  a  member  of  a  number  of  U^ese  com- 
mittees,  wme  of  them  put  in  place  by  the  Administration,  some  of 
them  put  in  place  by  Congrera.  Let  me  comment  in  a  generic  way 
first 

These  are  all  different  pit>blems*  I  am  on  a  committee  for  semi- 
(»nductoiB.  Semiconductors  are  a  different  problem  from  HiyTV, 
very  clearly.  Therefore,  there  is  not  one  solution,  and  you  have  to 
look  at  each  one. 

In  the  semiconductor  area,  the  Government  funded  through  De- 
fense last  year  SEMATECH  to  the  tune  of  about  $200  million, 
about  an  equal  amount  coming  out  of  industry.  Prol^ly,  in  my 
opinion,  that  was  the  right  thing  to  do  for  that  area. 

HDTV  is  m  a  little  bit  of  a  different  kind  of  situation.  There  the 
Quezon  is,  the  next  round  of  consumer  products  will  be  something 
HDTV,  no  doubt  about  it,  and  w«  are  out  of  the  electronic  con- 
nimer  market  completely.  We  are  not  producing  it  We  are  putting 
labels  on  boxes  that  somebody  else  produ<^  and  then  selling  it  in 
the  country.  And  here  is  our  last  chanre  for  a  loi^  time,  not  for- 
over  but  for  a  long  time,  to  gain  a  foothold  in  tliis  new  area. 

It  r^iuires  some  technol<^,  but  technol(^  is  not  the  most  im- 
portant ingredient*  It  requires  manufacturing  know-how  capabili- 
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ties,  markeUng,  and  so  forth.  I  don't  know  what  the  answer  is,  to 
be  very  honest.  But  I  think,  firet  of  all»  the  companies  themselves, 
industay  itself,  has  to  be  the  main  wAor  in  that  activity.  You 
cannot  d^ign  an  HDTV  set  in  Congress;  it  do^n't  work. 

Mr.  MiNKTA.  Would  mv  colleague  yield  on  that  point? 

Mr«  BoEHLfiST.  I  would  be  glad  to,  sure* 

Mr.  MmsTA.  But  anen't  we  falling  into  the  same  trap  as  we  are 
maybe  with  SEMATECH,  because  we  turned  to  the  Department  of 
Defense  for  ^ding  of  SEMATECH?  Aren't  we  falling  into  the 
same  trap  now  with  HDTV,  with  DARPA  now  b^;inning^t  least 
for  the  time  being,  a  very  migor  part  of  the  funding  for  HDTV? 

It  seems  to  me  that  we  are  going  down  the  wrong  track,  that 
that  really  ought  to  be  a  civil  pursuit^  and  it  ought  to  be,  r^Uy,  in 
terms— and  going  l»ck  to  the^  on  R&D,  I  think  the  problem  that 
we  are  facing  is  that  we  a  e  putting  too  much  money  into  basic  xi- 
ences  that  others  lake  ^vantage  oi,  and  we  are  not  putting  enough 
money  into  R&D  in  two  areas*  One  is  manufacturing,  and  the 
serond  part  is  in  terms  of  commordalization  of  product. 

We  do  a  good  job  on  basic  sciences,  but  it  seems  to  me — and  I  am 
not  sayijf^  this  to  fault  you,  Mr.  Bloch,  really,  believe  me— the 
problem  is  that,  in  the  case  of  HlXrV  now,  it  seems  to  me  that 
maybe  what  we  have  to  do  is  sort  of  draw  a  curtain  around  it  so 
tliat  we  let  our  own  industries  get  a  toehold  before  foreign  competi- 
tors really  move  out  of— ahead  of  us  and  then  we  really  lose  a  very 
significant  market  of  a  consumer  product  in  the  future. 

Mr.  Block.  Well,  Mr.  Mineta,  I  agree  ?  ith  50  percent  of  what 
you  are  saying,  but  the  other  50  percent  1  have  got  to  take  issue 
with.  But  let  me  stay  with  the  agreement  first. 

Mr  MiNETA.  Mr,  Bloch,  could  I  ask  which  50  percent?  [Laughter.] 

Mr.  BuxiH.  It  will  berome  very  apparent  in  one  minute. 

Your  first  point  was,  why  do  we  go  to  Defeni^  to  support  SEMA- 
TECh  or  support  HDTV  like  DARPA  is  doing  right  now?  I  only 
have  one  answer:  that  is  where  the  monev  is.  And  that  is  a  fact. 

By  the  way,  there  is  a  rationale  for  Defense  supporting  SEMA- 
TECH, because  they  are  depending  on  that  technoic^  more  prob- 
ably than  on  many  of  the  other  technologies.  So  they  have  a  stake 
in  it 

I  would  also  more  satisfied  if  that  were  administered  by  a  civil 
organization  instead  of  a  defense  organization  to  make  sure  that 
the  focus  is  on  commercial  fallout  and  commercial  development.  So 
I  agree  with  you  on  that  part. 

But,  rather  than  not  doing  anything,  I  like  the  support  that  I  see 
coming  out  of  Defense  and  DAIUPA  for  these  two  activities. 

Mr.  MiNiTA.  Fut  the  problem  with  the  rationale  of  saying,  "well, 
Defense  has  the  money  to  fund  these  things,'*  is  that  then  we  start 
giving  away  things  to  be  funded  by  Defense.  We  do  not  then  get— 
because  of  compartmentalization  and  security  i^uirements— we  do 
not  get  technology  transfer  into  the  civil  sector.  It  just  seems  to  me 
that  we  keep  doing  that. 

Even  in  another  prq^ram  as  it  is  related  to  the  whole  science  and 
math  education,  according  to  your  testimony,  you  are  supporting  a 
prograi^i  that  is  over  at  the  Department  of  Education.  Again,  it 
seems  to  me  that  that  ought  to  be  in  the  bailiwick  of  the  National 
Science  Foundation  instead  of  being  given  away. 
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Well,  I  aiH>reciate  the  time  yielded, 

Mr.  Wausrkn.  The  gentleman's  time  has  expired. 

Mr.  MiNSTA.  Thank  you  very  much, 

Mr.  Walgren.  The  Chair  recognizes  the  gentleman  from  Michi-^ 
gan,  Mr.  Wolpe. 
Mr.  Wolfe.  Thank  you. 

Mr.  Bloch.  Mr.  Chairman,  I  never  had  a  chance  of  saying  what  I 
diragree  with.  [Laughter.] 

But  it  has  to  do  with  basic  rei^arch.  I  agree  with  you;  we  should 
put  more  money  into  the  applied  research  area.  But  let's  not  shut 
one  off  because  we  have  a  problem  in  the  other  area,  and  then 
o^te  another  new  problem  for  us.  Let's  look  at  the  balanre  be- 
tween the  two,  and  try  to  do  both  of  th^e  things.  That  was  my 
point 

Mr.  WALaRKN.  Mr.  Wolpe? 

Mr.  Wolfe*  Thank  you  very  much,  Mr.  Chairman. 

I  would  like  to  follow  up  on  the  qu^ion  that  Mr,  Mineta  waa 
raising.  I  baopen  to  concur  wholeheartedly  witii  the  Imsic  point 

Back  in  1950,  as  I  recall  the  numbers,  of  every  dollar  that  was 
being  invested  in  R&D  in  this  country,  50  cents  was  going  to  the 
Pentagon  and  SO  cents  was  going  into  civilian  R&O.  The  numbers 
that  I  saw  about  a  year  ^go — and  I  am  not  sure  what  they  are 
today— it  was  72  cents  of  R&D  that  was  Pentagon-based  and  no 
more  than  28  ceuts  was  being  target^  for  civilian  re^arch. 

Are  those  numbers  still  basically  applicable? 

Mr.  Bloch.  No,  not  quite.  Yf  ur  72  cents  today,  if  you  look  at  the 
1990  bucket,  is  about  S5  cents. 

Mr.  WoLPK.  If  that  budget  is  approved  in  the  way  it  has  been 
framed? 

Mr.  Bloch*  Right,  but  it  is  more  than  it  was  in  the  time  period 
that       indicated,  where  it  was  more  50-60, 

By  tf^e  way,  I  don't  believe  that  necessarily  teils  the  story.  There 
is  another  part  to  it  that  makes  a  more  important  argument.  If  yt)u 
look  within  whatever  the  defense  R&D  budget  is,  if  you  look  at  the 
distribution  of  that  to  basic  research  and  eduction— you  define 
education  for  a  minute — you  will  find  that  that  part  of  the  defense 
budget  has  decreased  on  a  percentage  basis^  spending  less  than  $1 
billion  today  on  basic  research. 

Mr.  WoLPE-  TTie  argument  has  alwa)^  been  made  that  there  are 
always  these  spinoffs  from  the  defense  rraearch,  and  ttierefor^  one 
ought  not  be  concerned  about  tiie  source  of  allocation. 


Mr.  Bloch.  Well,  the  spinoff  is  also  in  the  other  direction. 
Mr.  WoLPK.  But  I  recall  that  last  year— and  you  did  a  hearing, 
Mr.  Chairman— we  received  testimony  from  the  indxistrial  sector 
that  just  laid  out  in  •'ery  graphic  terms  the  lack  of  spinoff  and  the 
extraordinarily  weal  t  kind  of  return  on  R&D  investment  that  is 
the  product  of  that  kind  of  disproportionate  emphasis  on  the  Penta- 
gon, 

Then  you  raised  a  moment  ago,  as  you  got  into  this  qu^tion  of 
dcm't  cut  basic  but  just  simply  aid  onto  what  is  needed  in  *he  other 
areas,  that  obviously  raises  i      vp-je  of  priorities. 

One  of  the  biggest  roncems,  i  think,  that  the  scientific  communi- 
ty nationaUy  is  beginning  to  express— and  I  think  we  in  the  Con- 
gress have — is  the  competition  for  scarce  dollars  as  it  relates  to  the 
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big-ticke^  items  such  as  the  supercollider  venture,  and  the  impact 
that  something  like  that  might  have  over  the  next  several  years  on 
basic  R&D. 

Hie  question  that  I  would  like  to  hear  some  discu^ion  of  from 
you  is  how  would  you,  sitting  here  in  the  Congress,  approach  that 
question?  I  mean,  what  are  the  proper  criteria  to  employ  as  we  try 
to  assess  the  relative— aiming  we  have  Kot  to  make  some  choices 
here — the  relative  merits  of  K>mething  like— let's  take  the  super- 
collider specifically  in  contrast  to  other  areas  of  funding? 

Well,  I  am  abwlutely  delighted  by  the  kinds  of  increase  that 
have  occurred  in  your  budget  the  last  couple  of  y^rs  and  that  are 
now  projects  into  the  future.  I  am  also  much  less  sanguine  that 
those  increases  are  going  to  be  sustainable.  I  think  that  th<^  pc^i- 
biiity  of  sequestration  is  a  real  one  this  year,  or  next  year,  i*  we  do 
not  get  a  different  kind  of  approach  to  budgeting  from  the  Admin- 
istration. I  think  that  is  a  very  real  possibility.  And  not  only  would 
you  not  have  any  of  the  projected  increases,  if  that  were  to  occur; 
you  m>uld  actually  have  wroewhere  in  the  neighborhood  this  year 
of  a  nine  percent  reduction  across  the  board  in  your  program  activ- 
ity. 

That  is  the  budgetary  reality  that  we  are  dealing  with.  I  think 
there  are  going  to  be  some  hard  choices  to  be  made,  and  I  am 
searching  for  a  way  in  which  to  make  them  rationally.  What  are 
the  criteria  that  we  ought  to  be  applying,  the  questions  we  odght  to 
be  asking  in  making  that  determination? 

Mr.  Buxni.  Well,  I  need  to  say,  first  of  all,  that  the  administra- 
tion supports  the  '^SSC.  1  think  that  is  a  wise  decision  because  we 
need  continuation  in  that  disciplinary  area  in  terms  of  the  equips 
ment  and  instrumentation  that  moves  the  field  forwani, 

Mr.  WoLPE.  Let  me  say  that,  a>nceptually,  I  have  also  embraced 
that-  I  think  I  have  never  heard  a  critical,  negatiw  remark  about 
the  wisdom  of  doing  that,  but  my  question  is  a  dijfferent  one.  What 
if  you  have  got  to  chocse  tetween  that  

Mr.  Bloch.  I  am  getting  to  that  question.  The  question  now  be- 
comes one  of  priorities,  and  T  must  ^y  I  have  been  very  heartened 
by  the  fact  that  the  same  administration,  and  the  previous  admin- 
istration, also,  have  put  the  Science  Foundation  s  doubling  budget 
on  the  table  together  with  the  SSC,  And  I  interpreted  that  that  has 
a  higher  priority.  For  me,  it  certamJy  has  a  higher  priority. 

I  think  Congress  has  to  ask  itself  the  question,  out  of  the  limited 
resources  that  we  have — we  don't  have  enough  resources  to  pay  for 
all  of  it — which  are  the  most  important  aspects?  In  my  opinion,  the 
mrat  important  aspects  are  the  infrastructure,  addressing  the  in- 
frastructure, and  that  means  people,  education,  basic  rpfw^^rch.  If 
you  don't  have  that,  then  these  big  programs  are  not  very  useful. 

We  have  got  to  generate  the  people  that  can  ust*  these  tools.  We 
have  to  have  the  underlying  basic  understanding  and  Lisic  knowl- 
edge that  are  required  to  operate  these  tools  and  get  the  benefits 
from  them. 

So,  to  me,  the  National  Science  Foundation  doubling  has  priority 
over  everything  else;  and,  if  that  means  stretching  out  the  sched- 
ules on  the  other  programs,  I  will  say,  so  be  it. 

Ml.  WoLPE.  That  is  a  useful  response.  It  doej  lead  into  one  other 
question  as  it  relates  to  the  priorities  within  the  NSF's  own  budget, 
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and  that  is,  the  increa^  for  pre^H^  pn^ranm  is  only  eight  per- 
cent in  the  year  in  which  the  total  NSF  budget  is  increasing  by  14 
percent  The  total  science  education  activity  is  increasing  by  some 
28  percent. 

We  receive  a  lot  of  testimony  tJiat  a!!irms  that  there  is  a  msgor 
crisis  in  science  and  math  education  in  the  primary  and  secondary 
schools,  I  will  not  read  through  the  litany  of  those  reports.  But  I 
am  jurt  wondering,  how  wovad  one  rationalize  that  small  an  in- 
crease in  an  area  that  I  think  is  sort  of  the  starting  point  for  re- 
storing our  science  base  in  this  country? 

Mr.  Bloch.  Well,  I  am  glad  you  are  bringing  this  up.  That  was 
really  my  general  remark  which  I  never  have  been  able  to  make 
before  when  the  chairman  talked  about  it. 

It  almost  sounds  that  we  are  on  the  defensive  here  on  this  very 
important  area,  and  I  wonder  why  because,  if  you  look  at  the 
record,  with  your  help  and  with  the  Appropriations  Committee's 
help,  we  have  increased  the  budget  of  the  Science  and  Enyg^ineering 
Education  Directorate  in  which  th^  pre-coll^  pn^rams  reside 
significantly  over  the  last  few  years.  For  instance,  since  1985  it  has 
doubled;  that  budget  has  doubled. 

The  area  that  you  are  talking  about— since  1988  we  have  had  in- 
creases in  the  teacher  pn^fram  of  about  50  percent  and  in  the  ma- 
terials development  program  of  about  30  percent.  What  has  hap- 
pened this  year,  and  why  you  only  see  a  10^  percent  increase 
versus  a  14  percent  increase  for  that  whole  directorate— for  the 
Foundation,  is  the  fact  that  at  the  same  time  the  Department  of 
Education  has  gotten  a  major  allocation  of  dollars  and  prc^ram  re- 
quests from  the  Administration,  Many  of  these  pr<^rams  intersect 
essentially  the  ones  that  we  have.  So  I  think  we  should  look  really 
together  at  both  the  Department  of  Education  allocation,  as  well  as 
ours  to  make  a  judgment  where  we  are  today, 

Mr.  WoLPE.  Well,  I  appreciate  that,  but  I  also  think  there  has 
b^n  a  greatly  overstated  characterization  of  the  Administration's 
education  request  this  year,  which  is  $100  million,  as  I  understand 
it,  below  President  Reagan's  out^>ing  budget  for  education.  And 
within  that  total,  it  calls  for  40  to  50  percent  reductions  in  a  whole 
series  of  segments  of  that  education  budget,  So  I  am  not  so  sure 
that  that  is  cause  for  great  optimism* 

Mr,  Bloch.  But  it  shows,  also,  a  $400  million  increase  in  some  of 
the  prc^ams  that  intersect  with  ours.  By  the  way,  we  want  to  take 
advantage  of  tho&e.  We  have  been  with  Secretary  Cavazos  a  couple 
of  tim^  now,  both  Dr,  Moore,  Ih*,  Shakhashiri,  and  myself  ^d  we 
are  determined  to  work  with  them  to  make  these  programs  jointly 
function  so  that  we  know  that  we  are  covering  the  right  bases  and 
there  is  no  unnecessary  kind  of  overlap  between  the  two,  because 
some  prc^rams  lean  dir^ly  on  the  prc^rams  that  we  have. 

Mr,  Waix^rsn.  The  gentleman's  time  has  expired. 

The  gentleman  from  California,  Mr.  Brown. 

Mr.  Brown,  Thani  vou,  Mr.  Chairman. 


•  The  FY  1990  budget  reouest  for  the  NSF  Science  and  Engineering  Education  Directorate  is 
U  pirrcwit  above  the  FY  1^  appropriation  and  the  totai  NSF  FY  1990  budget  request  is  14 
perant  above  the  FY  1^  aj^mpriation. 
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Dr.  Bloch,  I  should  h^^fln  by  indicating  my  own  feeling  of  satis- 
faction with  the  general  course  which  the  Foundation  is  takii^  and 
with  your  own  leadership.  I  think  it  hcs  been  admirable.  But,  nev- 
ertheless, no  product  of  the  political  process  is  perfect;  and,  as  you 
have  heard  here,  we  have  marginal  criticisms  in  a  number  of 
areas. 

The  critenjn  of  balance  which  has  been  enunciated  here  is 
useful,  but  one  has  to  keep  in  mind  that  balance  is  in  the  eye  of 
tht  beholder.  Going  back  before  1980,  the  amount  devoted  to  educa- 
tion in  the  Foimdation's  budget  was  far  larger  than  it  is  today,  and 
yet  it  was  the  feeling  of  some  people,  at  least  in  the  previous  Ad- 
ministration, that  that  was  an  improper  tmlance  and  that  educa- 
tion was  not  a  proper  role  for  the  Federal  Government,  which  led 
to  that  fast  decrease  that  occurred  at  that  time. 

Now  we  are  restoring  balance.  We  are  up  to  half  of  what  we 
were  doing  15  years  ago,  I  am  not  being  critic^  about  that.  I  think 
we  have  a  better  program  today.  I  was  disappointed  that  what  we 
spent  back  in  the  sixties  and  the  seventies  did  not  produce  a  per- 
manent, long-term  improvement  in  the  teaching  of  sciem^  and  en- 
gineering and  technolc^.  And  my  fundamental  question  is,  why? 

You  hnve  focused  a  prc^ram  in  this  area  now  which  is  modrat 
enough  in  terms  of  dollars,  but  you  say  that  it  is  based  on  encour- 
agii:^  partnershii®  and  sharing  in  the  responsibility  for  these  im- 
provements, which  works  in  many  ar^s.  It  ought  to  work  in  educa- 
tion. 

One  of  the  mwt  impressive  pie<^  of  iratimony  we  heard  was 
from  a  professor  at  University  of  California  at  San  Di«=%o,  I  think, 
who  testified  on  wlmt  they  were  doing,  what  he  wad  doing,  on  an 
NSF  grant  to  improve  education  in  the  local  schools  there  in  a 
partnership  arrangement.  I  was  deeply  touched  by  what  he  was 
doing. 

But  I  want  to  raise  this  qu^ion,  and  I  don't  want  to  make  too 
many  speeches  in  doing  it.  Part  of  the  problem  is  that  we  do  not 
encourage  a  concept  of  the  importance  of  science  and  technology  in 
our  teacher  trainmg  institutions.  We  discourage  in  many  subtle 
ways.  One  is  that  we  do  not  provide  any  encouragement  to  re* 
search  activities  per  se  in  these  teacher  training  or  multipurpose 
universities.  We  think  mret  cf  the  research  money  ought  to  go  to 
tb.;  srreat  centers  of  excellence,  the  research  universities. 

I  you  know  what  this  does?  It  creates  very  gwd  ^ience,  but  it 
ma>  ^  the  other  people  in  the  other  universiti^  feel  that  they  are 
second-class  citizens.  And  they  have  many  very  good  people  who 
might  not  produce  world-cla^  research  but  need  to  be  inspired  to 
conduct  whatever  research  because  that  is  a  part  of  the  learning 
process* 

We  ne«l  to  focus  on  that;  and,  if  we  do  not,  no  matter  how  many 
dollars  we  spend,  we  probably  will  not  be  able  to  create  the  climate 
which  encourages  students  at  the  elementary  and  secondary  level 
to  get  into  science,  which  encourages  teachers  to  become  good  sci- 
ence teachers,  if  we  engage  in  subtle  forms  of  discriminating 
against  them  through  the  institutional  structure. 
Would  you  comment  on  that,  so  that  I  can  stop?  [Laughter.] 
Mr.  Bix)CH.  I  would  be  glad  to  comment  on  a  numl^r  of  things 
which  you  mentioned  Let  me  start  with  the  last  one. 
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I  agree  with  you  that  teachers  need  to  be  encouraged  to  ^ork 
and  have  some  experiences  in  doing  re^rch  in  the  i^iences  and 
the  mathematical  areas.  I  tiiink  we  are  doing  that  in  a  direct  as 
well  as  an  indirect  way  by  some  of  the  pn^rams  that  we  have  put 
in  place  of  undergraduate  a^vities. 

We  have  a  pn^nnam  called  Research  Experience  for  Undergradu- 
ate  Students,  a  relatively  new  pn^ram.  It  is  now  in  its  second 
year.  I  think  that  cx)uld  touch  a  lot  of  the  people  that  you  are  talk- 
ing about,  a  lot  of  the  students  that  later  on  b^me  teachers.  By 
the  way.  these  programs  are  open  for  four-year  collies  as  well  In 
fact,  many  of  the  four-year  rollegira  participate  in  the  prc^ram. 

We  focused  on  the  qu^rtion  of  undergraduate  research.  We  have 
a  prc^ram  primarily  aimed  at  four-year  rollegas  to  do  undergradu- 
ate research  in  the  four-year  raUegra,  That  point  was  driven  home 
very  hard  a  few  years  ago  by  the  group  of  colleges  that  were  c^led 
the  (^rlin  group,  and  Jim  Powell  was  a  member  of  that.  We  fo- 
cused on  their  requirements,  and  I  think  we  have  acted  according- 

In  the  end,  you  might  say  that  we  are  not  spending  enough 
money  on  it,  and  that  is  true  about  a  lot  of  things.  But  at  least  we 
have  put  that  plan  in  place,  and  we  have  activities  in  place,  and  I 
think  they  are  being  used.  And  I  think  today  there  is  a  different 
kind  of  relationship  that  the  Foundation  has  with  four-year  col- 
lies as  well  as  with  undergraduate  research  than  what  existed  in 
the  past 

I  want  to  comment  further  on  your  long-term  improvement  and 
the  lack  thereof  in  the  sixties,  and  that  is  of  great  roncern.  These 
on-again,  off-again  situations,  I  think,  are  deadly.  They  give  the 
wrong  signals,  and  it  takes  a  long  time  to  recover  from  them,  I 
hope  that  by  having  a  more  cautious  approach  that  we  are  pursu- 
ing today  in  the  education  prc^am,  by  the  fact  that  we  are  linking 
them  to  the  research  universities — and  you  gave  one  example;  we 
can  give  you  other  example— that  we  are  linking  them  to  industry 
where  we  can,  hopefully— will  provide  a  more  stable  kind  of  plat- 
form for  the  future-  And  it  will  not  be  this  on-again,  off-;:^ain  situ- 
ation. 

For  every  program  that  we  are  putting  in  place,  we  are  putting 
some  kind  nf  measurement  prc^am  in  place  so  that  we  know  after 
a  few  years— you  will  not  know  overnight,  but  after  a  few  years— 
what  th^  programs  can  accomplish,  what  they  have  accom- 
plished, and  through  that  method,  hopefully,  get  more  support  for 
th^  programs  into  place. 

But  I  would  caution  that  we  do  not  go  overboard  and  dump 
money  in  there  and  then  indiscriminately  spend  it,  but  that  we  are 
selective  on  the  prt^rams  that  we  spend* 

Just  one  word  of  correction.  It  is  not  quite  as  Imd  as  people  make 
it  out  to  be.  In  the  19608,  we  had  alx)ut  $500  million  constant 
1988  dollars  in  the  various  activiti^  that  had  to  do  with  ^uca- 
tion.  By  the  way,  a  numl^er  of  these  programs  were  graduate  pro- 
grams, p(^tdoctoral  pn^ams,  and  so  forth. 


^  NSF  has  indicated  that  this  should  be  doilan^" 
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If  you  comimre  that  to  today,  we  have  about  $600  million  in 
these  programs.  IVxiay  thev  aie  more  distribute.  Many  of  them 
Bie  in  the  research  areas.  And,  by  the  way,  there  is  a  good  reason 
for  that  It  is  very  important  for  what  I  just  said  a  minute  ago  and 
what  you  indicated  before,  Mr.  Brown,  that  the  research  director- 
ates have  a  responsibility  for  the  education  of  their  researchers— 
that  is  extremely  important— and  not  Iwk  at  education  as  some- 
thing which  is  a  comer  of  the  Foundation  and  they  have  nothing  to 
do  with  it  'Hiat  is  why  we  are  distributing  some  of  these  prc^rams. 

But  the  difference  between  the  two  is  not  that  great  In  some 
areas,  the  difference  is  more  than  in  other  areas.  But  these  $5^ 
million  in  the  sixties  included  many  of  the  pn^rams  that  exist 
today,  including  an  undergraduate  comfx^nent  which  fell  by  the 
wayside,  also,  by  the  way,  in  the  eighties. 

Mr-  Walgren.  The  gentleman's  time  has  expire. 

The  Chair  would  rec<«nize  the  ^ntleman  from  New  Jersey  and 
ask  our  colleagues  to  join  with  me  in  extending  this  courtesy  to 
him.  He  has  a  time  rommitment  and  £:ot  here  bright  and  early  to 
get  at  something,  and  he  wants  to  get  to  it. 

Mr-  ToRWCMJj.  Thank  you,  Mr.  Chairman, 

I  will  be  brief,  but  I  appreciate  the  opportunity. 

I  have  a  specific  qu^ion  to  ask  Mr.  Bloch.  Before  I  do.  I  would 
just  like  to  identify  myself,  if  I  could,  with  Mr.  Mineta's  remarks.  I 
could  not  agree  mth  hirn  more  strongly.  And  if  this  morning  is  to 
serve  some  purpc^  to  you  and  your  work  in  understanding  our 
sentiments  about  the  stru^le  to  have  America  b^n  in  the  fight  of 
the  future  electronics  industry,  I  hope  you  will  leave  here  today 
with  an  understanding  of  how  much  he  spoke  for  many  of  us. 

Some  day,  frankly,  Mr.  Bloch,  a  book  will  be  written  about  how 
America  perhai»—I  hope  not— lost  the  fight  for  high-defmition  tel- 
evision and  hence,  perhaps,  the  future  of  the  electronics  industry. 
And  yom  comment  that  television  will  not  be  deigned  in  the  U.S. 
Congress  will  be  a  fitting  title  for  one  of  the  chapters.  [Laughter.] 

Because  I  can  asmre  you  that  the  hands  of  the  Diet  and  the  Bun- 
destag and  apparently  now  the  Central  Committee  are  going  to  be 
all  over  their  nroducts.  The  age  when  an  individual  company  could 
invMt  funds  of  that  scale,  vnth  that  level  of  competition,  with  that 
level  of  risk,  without  some  national  plan  of  coordination  or  shared 
or  subsidized  resources,  in  my  judgment^  is  over. 

I  think  M^.  Mineta  spoke  to  reality,  and  I  hope  that  his  com- 
ments remain  with  you  when  you  leave  today. 

I  wanted  to  ask  more  specifically  a  question  relating  to  the  au- 
thorization of  last  year.  There  was  in  that  authorization  a  very  spe- 
cific provision  with  regard  to  intentions  to  construct  and  purchase 
an  icebreaker  for  scientific  research.  This  committee  and  the  Con- 
gress as  a  whole  made  clrar  in  that  authorization  its  vieira  on  that 
procurement:  that  it  be  from  a  domestic  yard,  unlew  a  certain  dra- 
matic distinction  was  made  in  the  bid  prices. 

There  are  some  who  belies  that  it  is  the  intention  of  the  Foun- 
dation today  to  circumvent  that  restriction  by  entering  into  a 
series  of  leases  during  the  construction  period,  which  is  permitted, 
but  then  perhaps  bey.^nd  it  so  as  to  avoid  the  intentions  of  tliis 
committee. 
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I  wanted  to  make  dear  my  view,  as  the  author  of  that  amend* 
mmt^  that  to  do  so  would  clearly  violate  the  intention  of  the  com- 
mittee and  the  Congress  as  a  whole.  And  if  you  would,  I  would 
ym  to  respond  to  the  procurement  proc^^  today,  your  intentions 
with  regard  to  the  iodbrraker,  and  to  plea^  set  my  fears  at  ease 
with  r^eard  to  any  efforts  to  circumvent  it. 

Mr.  mjocH.  I  don't  know  where  you  gpt  the  impression  that  we 
are  trying  to  drcumwnt  Congress'  will  in  this  particular  area,  be- 
C4UM  we  are  in  tiie  middle  of  the  process  of  doing  exactly  what 
On^ress  said  we  should  be  doing. 

We  ifflued  an  RFP  on  February  6,  1989.  The  proposals  are  due  in 
May.  We  have  h«i  interrat,  a  large  interest,  in  this  RFP.  There  are 
about  75  potential  bidders.  I  don't  expect  75  bidders,  by  the  way, 
but  lust  by  the  number  of  bidders,  we  probably  will  get  a  large 
number  of  them.  What  these  bids  will  show  I  do  not  know. 

Mr.  ToRRicmj.  Do  you  intend  to  enter  into  a  rental  agreement 
in  the  interim? 

Mr.  Bloch.  In  the  interim,  we  have  to  do  something,  yes.  And  I 
wiHild  hope,  by  the  way,  that  out  of  this  bidding  process  will  come 
some  indication  of  what  that  is,  because  we  are  not  only  asking,  if  I 
am  correct,  for  purchase  pricra,  but  we  are  also  asking  for  rental 
prices. 

Mr.  ToHBiCELu.  But  it  is  your  intention,  and  you  understand  the 
intention  of  this  Congress  to  be,  tl^  t  you  enter  into,  as  vou  are 
doing,  and  accept  a  propraal  for  con&  ruction,  have  a  rental  during 
the  construction  period,  but  a  rental  ^[reement  is  not  a  substitute 
for  the  construction?  That  was  our  intention,  and  I  simply  want  to 
clarify  whether  it  is  youre  at  the  moment. 

Mr.  BuxM.  Well,  maybe  we  are  quibbling  about  words,  but  let 
me  say  one  thing.  T  have  seen  many  capital  acquisition  structures, 
and  we  have  a  fe.  *  right  now  in  the  supercomputer  area,  that  was 
talked  about  before,  where  we  have  entered  into  a  long-term  rental 
agreement  in  preference  over  a  purchase  agreement.  By  the  way, 
firom  the  manufacturer's  viewpoint,  that  was  ac^ptable,  and  I 
think  you  should  leave  it  up  to  the  pi  oc^s  to  make  that  decision  in 
the  end. 

Mr.  ToRRiCELLi.  Mr.  Bloch,  I  am  pleased  to  leave  it  up  to  the 
process.  My  purpose  in  raising  this  is,  there  are  th^e  of  us  who  are 
on  this  committee  because  we  believe  in  science  but  also  strongly 
believe  that  the  funds  aiid  the  drive  that  make  our  scientific 
strength  possible  are  b^^ause  of  an  active  industrial  base,  and  we 
felt  deeply  offended  at  the  notion  that  the  United  Stetes  Govern- 
ment was  going  to  go  oflBshore  for  ship  construction.  That  is  prohib- 
ited for  all  of  our  agencies  of  defense;  it  should  not  be  allowed  in 
other  parts  of  our  civilian  government  agencies  as  well. 

We  designed  a  structure  to  clearly  st^r  in  that  direction,  and  I 
simplv  wanted  to  raise  it  today  in  the  hope  that  you  would  rerog- 
nize  tinat  spirit  and  our  intentions  in  the  amendment.  It  appears  to 
me  that  you  do,  and  I  appreciate  your  answers  today. 

Mr,  Waloren.  The  gentleman's  time  has  expired. 

Mr.  Bloch.  If  I  just  could  say  one  more  word  about  that,  look,  we 
are  with  you,  and  we  are  seeing  our  mission  not  only  to  si^pport 
research  but  also  to  support  the  economic  competitiveness  of  the 
country.  And  we  have  in  the  jwust  shown  that.  If  you  look  at  our 
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mpercomputer  centers^  for  instance,  the  same  conversation  I  had 
with  you,  we  had  with  Congress  a  couple  of  ynam  ago  on  that  when 
it  came  to  the  fact  that  foreign  manufacturers  were  trying  to  enter 
into  tl^  bidding  contest  If  you  look  at  our  supercomputer  centers 
today,  it  is  all  made  in  Amaica« 

Mr.  ToHBicsLU.  Hunk  you. 

Mr.  Walqrsn.  I  thank  the  ^ntleman. 

The  gentl«nan  from  Golon^o,  Mr*  Skaggs. 

Mr*  DEAGGS.  Thank  you,  Mr.  Chairman, 

Good  moming^,  Mr.  Bloch.  I  have  a  o^uple  of  questions  I  would 
like  to  pursue  with  you. 

My  dBKce  reccdved  some  budgeting  dati  that  I  believe  originated 
at  NSF  concerning  the  resources  going  into  global  change  rraearch, 
and  they  give  mme  conflictii^  impressions. 

On  the  one  hand,  the  propm^  increase  in  your  budget  from 
about  $89  million  to  $63.5  million  for  next  year  is  obviously  signifi- 
cant and  would  account  for  over  a  quarter  of  the  government's 
overall  work  in  the  area. 

On  the  other  haiui,  other  agencies  such  as  USGS  and  NOAA  are 
making  signiii<^tly  fmter  proportional  increases  in  their  budg- 
ets, and  I  am  just  wonderii^  if  you  could  comment  on  that  and 
give  us  an  idra  ot  the  relative  importance  that  NSF  will  be  giving 
to  global  change  research  over  the  long  haul. 

Mr.  Bloch.  Your  numbers  that  you  are  citing  on  the  glolml 
change  activity  itself  are  correct.  We  are  going  from  $39  million  to 
$53  million.  By  the  wayt  that  represents  over  25  pen^nt  of  the 
total  that  the  government  spends  on  this  coordinated  activity,  co- 
ordinated across  the  various  departments. 

You  can  ccJl  that  focused  research  on  the  global  g&36ciences.  But 
you  should  sIfo  know  that  there  are  other  activities  in  the  Founda- 
tion, not  only  in  the  Greosciences  IMrectorate  but  also  in  the  Biolc^- 
ical  Sciences  Directorate,  that  ^sentially  provide  tits  underpin- 
niiu^  to  many  of  thase  activities. 

If  jrou  look  at  our  total  budget,  the  globpJ  change  and  the  global 
geosciences  tc^ther,  it  is  ^ut  $173  million  in  total,  which  is  not 
an  insignificant  portion  of  the  total  research  budget  of  the  Founda- 
tion. You  should  loc^  at  us  as  a  a>ntributor  to  the  particular  global 
change  program,  but  you  should  also  look  at  us  as  providii^  the 
basic  research  in  many  of  the  other  areas  that  are  n€N^ed  in  order 
to  move  forward  in  a  real  sense  in  addn^ing  this  problem. 

Mr.  Skaggs.  Thank  you. 

Last  week,  I  gue^  the  committee  received  the  report  that  you 
prepared  pursuant  to  one  of  the  comments  in  our  report  on  the  au- 
thorization bill  last  ^ar  on  technolcwy  transfer.  One  option  that 
was  discussed  in  your  report  on  potential  for  hnproving  NSFs  tech- 
nology transfer  activities  was  the  idea  of  fundixig  research  into  the 
technolc^  transfer  itself. 

In  the  work  I  have  tried  to  do  in  my  home  area  to  bring  govern- 
ment laboratories  and  industry  and  uniwrsities  tc^ther,  I  am 
finding  that  it  is  a  difficult  imthfinding  exercise  to  figure  out  what 
really  is  involved  in  this. 

I  would  like  to  encourage  you— and  perhaps,  Mr.  Chairman,  we 
could  pursue  this  further  at  another  time— to  look  at  that,  and  I 
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would  also  ask  your  comments  this  morning  as  to  whether  this  is 
acmiething  that  we  might  nu^^  you  fonrard  on  a  bit. 

Mr.  Bloch*  I  dcoi't  know  if  any  nudging  is  necessary.  It  is  envi- 
ously a  subject  that  cxumes  up  time  and  time  again.  It  is  a  difficult 
area  because  the  best  technology  transfer  is  between  people^  if 
people  work  together,  obviously.  But  there  are  other  ways  of  doing 
it,  and  we  are  going  to  pursue  that  area  in  one  form  or  another 

Also,  as  we  gain  more  experience  with  some  of  the  projects  in  the 
Foundation  that  are  more  g^rared  to  technology  transfer,  like  the 
center  projects,  for  instance,  I  Uiink  we  are  filing  to  apply  what  we 
l^xn  there  to  other  projects  in  the  Foundation.  Let  me  a^ure  that 
we  have  a  focus  on  that  issue.  As  you  said  yourself,  it  is  a  complex 
issua 

Mr.  Skaogs.  Well,  I  would  appreciate  it  if  perhaj:^  for  the 
record,  you  could  supplement  exactly  how  you  do  intend  to  pursue 
what  is  identified  as  option  C  in  your  report 

Mr.  Bloch.  All  right 

{Itie  information  follows:] 

The  report  on  technology  teansfer  ouUined  many  prDgrams  at  Uie  Foundation 
which  sec^i  to  emphasis  a  relationship  between  industnr  ami  the  university  re- 
search  ocmimunity.  From  evaluations  we  know  that  50%  of  SBIR  projecta  entail  uni* 
i^mty  participation  in  some  form.  Industrv/University  Cooperative  Research  Cen- 
ters represent  anc^er  program  which  has  been  in  operation  at  the  Foundation  for 
some  time.  I^ta  from  this  program  can  also  be  evaluated  to  assess  factors  which 
best  pooK^  technology  tranter  fnm  the  univmity  to  industry. 

It  is  our  intent  to  systeomtically  msess:  (1)  our  expertenoes  with  these  proiprann 
to  obtain  valuable  in&nnation  abmit  the  efTectivenew  of  various  technology  transfer 
mechanisnis  in  stimulating  the  moven^nt  of  knowledge  and  technologv  between 
universitV'besed  research  and  the  private  sector,  and  (2)  tlie  d^ri^  to  which  these 
pro|}ectB  have  stimulated  industrial  cooperation  with  tmirarsit^  research  or  utilized 
the  output  Irom  university  researdi  in  the  development  of  private  sector  products. 

The  Foundation  is  also  consit^ring  the  design  of  a  study  that  would  assess  the 
sdence  ai^  technolcn^  information  system.  The  flow  of  mich  infmnation,  an 
important  a&qvect  of  tedinolOKy  transfer,  is  im&rgoin^  veiy  raind  technological  and 
(»ganixationaI  change  and»  thus,  the  i^udy  and  analysis  of  this  system  is  expected  to 
contribute  significantly  to  our  undersianoii^  of  tecmiology  transfer. 

Mr.  Skaogs.  Finally,  I  think  we  are  all  aware  that  the  peer 
review  process  for  evaluating  grant  proposal  is  a  cntical  cross-cut 
process  issue  for  the  Foundation.  I  represent  an  area  in  which 
many  of  my  constituents  are  at  your  mercy,  if  you  will,  in  that 
process,  and  I  am  curious  what  appellate  review  there  is  for  deci- 
sions coming  out  of  the  grant  application  peer  review  process— 
whether  you  find  l^t  that  appellate  review,  such  as  it  might  be,  is 
adequate;  and,  if  not,  what  you  might  be  dcing  in  that  area, 

Nb.  BiiOra.  Dr.  Moore  should  answer  that  qu^ion. 

Dr.  MooBfi.  Mr.  Skaggs,  there  is  a  procedure  that  is  set  down  in 
our  regulations  for  appral  of  decisions  made  under  the  merit 
review  process.  This  is  followed.  We  deal  with  perhaps,  I  would  say, 
25  or  30  appeals  a  year.  I  happen  to  be  the  last  stop  on  that  par- 
ticular niaa,  and  I  oo;:asionallv  have  to  deal  with  one  that  is  not 
rraolved  earlier  in  that  particular  procras* 

We  do  occawonally,  not  very  frequently  but  occasionally,  reverse 
a  decision  that  is  made  in  the  peer  review  proc^.  So  it  exists.  If 
you  would  like,  we  can  provide  you  with  the  details  of  exactly  how 
^at  works. 

Mr.  SsAGGS.  I  would  appreciate  that. 


598 


595 

[The  information  foUoiira:] 

Awftrd  %d  NSP  wsiataiiee  is  discretionary .  Nonetheless,  it  is  the  policy  of  ^ne 
Foimdatkm  that  an  af^kant  wlnwe  pmpooal  has  been  declined  may  receive  ar  ex* 
plaoation  and  reoonsideratiim. 

A  Principal  Investigator  (PI)  whoae  |»noposaI  has  been  declined  mw  dbimn  an  ex- 
planation of  the  declination  horn  the  responsible  Program  Officer.  If  thiB  explana- 
tion does  not  satisfy  the  PI  that  the  proposal  was  fairly  hazidkd  and  reasonably 
equated,  the  PI  m^y  reque^  reccm^oeratitm  erf  the  declination  by  the  responsible 
Attestant  Directcn-.  If  the  ai^icaat  institutkm  b  still  not  satirfled  after  reconsideiv 
ation  by  the  respon^ble  A^ikant  Director,  it  may  obtain  further  reoinsiderotion  by 
tlw  D^ty  Director  irf  NSF.  However,  if  a  proposal  has  been  declined  after  review 
by  the  Natiimal  Scknce  Board,  cmly  m  explanation  will  be  available. 

Mr.  Skagos.  Hiank  you,  Mr.  Chairman. 
Mr.  Wau^rkn.  Tliank  you. 

The  Chair  recogxuzes  the  gentleman  from  Louisiana,  Mr.  Hay^. 
Mr.  Hayis.  Hiank  you. 

Earlier,  Mr.  Brown  was  speaking  to  some  issues  that  I  would  like 
to  parallel,  first  by  thanking  you  for  your  recent  visit  to  my  alma 
mater,  IHilane  University,  and  later  on  going  over  to  Louisiana 
State  and  Southern. 

I  was  very  interested  in  the  EPS(X)R  award  which  you  an- 
nounced. It  received  certainly  very  favorable  press.  I  played  an  in- 
strumental role  in  that  by  not  interfering  with  Mrs.  Boggs.  [laugh- 
ter.] 

But  what  I  would  like  tx}  ask  this  morning  as  a  companion,  per- 
haps, to  the  earlier  question  was  tell  me  a  bit*  if  you  would,  about 
the  long-range  plans  for  EPSOOR  and  also  the  other  similar  NSP 
initiatives  that  you  have  announced  and  touched  upon  very  briefly 
at  other  occasions. 

Mr.  Bloch.  Well,  let  me  talk  about  EPSCOR  first.  you  know, 
that  is  a  pn^ram  of  long  standing  in  the  Founcktion.  This  is  about 
our  third  group  of  States  that  we  are  looking  at  and  that  we  are 
considering  and  have  alreadv  awarded,  Louisiana  being  the  one 
that  we  have  ah^ady  awarded. 

It  is  a  program  that  requires  the  Stat^  themselvra  to  do  a  lot  of 
the  work,  as  you  know  very  well.  They  h  we  to  prepare  their  own 
plan.  They  have  to  contribute  materially  to  the  crot  of  the  pro- 
gram, matching  ours*  ^»entially,  and  then  nmke  sure  that  they  are 
following  through  over  the  grant  period,  which  goes  over  years. 

We  have  found  one  of  five  States  that  are  now  being  looked  at. 
We  have  a  ramtinuation  of  eight  States  that  we  are  considering 
over  three  years,  and  we  have  around  three  or  four  States  that 
have  their  initial  awards  tiiis  year.  So  it  is  a  moving  kind  of  proc- 
ess, 

The  point  that  was  made  in  the  past  about  it  is,  the  original  plan 
was  rrally  for  three  years — was  it  three  or  five  years? 
Dr.  Moore.  Five. 

Mr-  Bu>CH.  Five  years— I  am  sorry,  I  stand  corrected— aperiod  of 
five  years,  and  then  we  vrere  done  with  those  States.  The  input 
that  we  got  from  the  individual  participants,  as  well  as  from  Con- 
gress, was  that  that  was  too  short  a  period  of  time  and  that  we 
ediould  continue  working  with  these  States  after  the  five-year  com- 
pletion of  the  first  round.  We  are  looking  at  how  we  can  do  that 
best  for  future  considerations. 


599 


ERIC 


596 


So  we  are  taking  the  project  seriously.  I  think  it  has  resulted  in 
very  fimiJamental  and  good  changes  in  many  of  the  States,  not  in 
all  the  States* 

Mr.  Waxx;r£N.  Thank  you,  Mr.  Hayes. 

Tht  Chair  recognizes  the  ip^ntleman  from  North  Carolina,  Mr* 
Prira. 

Mr.  Price-  Thank  you.  Mr.  Chairman* 

Mr,  Bkxrht  I  would  like  to  thank  you  for  a  very  interesting,  very 
articulate  statement,  very  helpful  statement  about  the  evolving 
role  of  the  National  Science  Foundation*  I  appreciate  your  com- 
mits about  how  the  NSF  is  now  tied  more  cicely  to  national 
policy  concerns  in  the  way  it  operate;  also  the  more  active  role 
you  have  assumed  in  instigating  scientific  efforts  and  instigating 
mteraction  with  business  and  industry.  It  is  a  very  helpful  state- 
ment, 

I  would  like  to  focus  on  the  behavioral  and  social  sciences  in  the 
time  that  I  have,  following  up  on  a  hearing  that  we  had  earlier  this 
week*  We  heard  from  a  distinguished  jmnel  of  social  scientists  who 
provided  many  examples  of  uie  ways  in  which  research  in  their 
fields  has  significantly  benefited  the  public  policy  decision  process. 

The  evidence  would  suggrat  that  there  are  many  research  oppor- 
tunitira  and  that  the  r^earch  has  in  the  past  resulted  in  identifia- 
ble social  payoffs* 

Stillt  the  NSF  seems,  in  the  overall  scheme  of  things,  to  assign  a 
relatively  low  priority  to  the  behavioral  and  i^xnal  sciences  in  its 
budget  allocations.  As  you  know,  the  social  science  budgets  were 
cut  significantly  in  the  early  19808  and  are  only  now  reaching  the 
level  that  they  had  in  1980  in  current  dollars,  and  that  represents 
a  30  percent  oecline  in  constant  dollars. 

The  fiscal  year  1990  request,  like  all  recent  requests,  proposes 
smaller  increase,  in  the  seven  to  ten  percent  range,  in  all  compo- 
nents of  the  social  SKnence  pn^ams,  smaller  increases  than  the  14 
percent  average  increase  propped  for  the  National  Science  Foun- 
dation as  a  whole. 

What  is  the  rea«>ning  behind  these  budget  proposals? 

Mr.  Block*  Well,  Mr.  Price,  whenever  you  listen  to— and  I  do  it 

Eol^bly  every  day  and  at  least  three  or  four  times  a  week — if  you 
ten  to  groui»  that  come  in,  that  represent  a  certain  discipline, 
nobody  has  ever  said  that  we  allocated  too  much  of  a  budget  to 
them.  So  it  does  not  surprise  me  that  you  hear  the  same  comments 
out  of  the  behavioral  social  science  community. 

Mr.  Price.  But  you  do  not  dispute  the  figures  that  I  gave  as  accu- 
rate reflections  

Mr.  Bux:h*  Well,  let  me  put  it  in  perspective.  I  certainly  do  not 
dispute  the  figure  that  you  gave  where  we  are  today.  But  you 
should  know  that,  over  the  last  five  years,  we  have  been  rebuilaing 
thia  particular  area.  You  said  very  corr»:tly  that  the  area  got 
somewhat  decimated,  not  completely  but  somewhat  decimated,  in 
the  early  IdSOs.  We  have  reshaped  the  pn^rams  and  we  have  re- 
built ^t  area. 

Let  me  give  you  just  one  interesting  accoimting.  If  you  look  at 
the  increases  since  1982  which  the  Foundation  got  in  total  and  you 
look  and  plot  against  it  the  behavioral  and  social  science  areas. 
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the  behavioral  and  sKwial  sciences  area  got  more  of  an  increase  in 
that  time  period  than  the  National  Science  Foundation  got  in  total. 

Then  is  no  doubt  in  my  mind,  and  there  is  no  doubt  in  the 
reo^,  that  certain  diM^lines,  certain  areas,  certain  initiatives  got 
more  of  an  increase  than  the  Foundation  got.  But  the  behavioral 
and  social  science  area  got,  I  will  say,  a  20  percent  greater  increase 
than  Uie  Foundation  as  a  whole  «  startmg  from  1982  over  the  last 
se  ven  or  eight  years. 

You  should  realize—and,  by  the  way,  this  is  in  a  ratio  basis,  so 
the  constant-dollar  argument  dora  not  come  into  play.  But  let  me 
Just  remind  you  that,  except  in  the  last  three  or  four  years,  three 
years,  aince  1985,  the  National  Science  Foundation  bud^t  was  a 
constant,  in  constant  dollars,  over  about  a  20-year  kind  of  time 
period.  And  we  are  foi^ietting  that. 

Look,  I  believe  very  stroi!^  that  the  behavioral  and  social  sci- 
ences have  a  lot  to  offer,  and  they  do  a  lot  for  all  of  us,  and  they 
are  part  of  the  science  picture.  So  it  is  not  discrimination  at  all, 
and  I  think  they  have  been  well  treated.  They  haw  not  been  as 
well  treated  as  they  would  like  to  be,  and  I  understand  that.  And  I 
hear  the  same  complaint  from  other  areas. 

The  other  p-  int  I  want  to  make,  and  it  is  a  strong  point  that  I 
make  to  everi^oody,  the  behavioral  and  social  science  (immunity 
can  not  only  look  to  NSF  as  ite  funder.  There  are  also  agencies  in 
the  Federal  Government  that  have  an  interest  in  their  research,  in 
furthering  their  research,  and  they  need  also  to  be  concerned,  like 
many  of  the  other  disciplines  are,  with  the  contributions  from  the 
rest  of  the  government.  So  you  cannot  iust  look  at  the  National  Sci- 
ence Foundation  as  the  sole  provider  tor  this  particular  discipline, 
just  like  we  do  not  do  it  for  other  disciplines. 

Mr.  Prick.  I  know  that  is  true;  but,  when  you  do  look  at  those 
overall  figures,  they  are  not  terribly  encouraging.  The  behavioral 
and  social  science  percentage  of  overall  J'ederaJ  research  efforts 
has  dropped  over  15  years  by  something  like  a  factor  of  half,  from 
something  like  eight  pen»nt  to  four  and  a  half  percent. 

Let  me  go  back  to  your  comment  about  the  more  assertive,  the 
more  active  role  that  NSF  is  taking  in  marking  directions  for  re- 
search. What  do  thc»e  priorities  look  like  in  the  social  and  behav- 
ioral science  area?  What  kinds  of  areas  have  you  identified  that 
you  want  to  instigate  and  encourage? 

Mr,  Blocm.  As  an  example,  I  just  was  with  a  group  that  con- 
cerned itself  with  next  year's  pn^rams  for  decision  management 
research.  I  urged  them  very  strongly  that  they  align  themselves 
with  industry — they  had  some  industry  people  on  their  panel— 
with  industry  in  this  larticular  effort,  and  get  foundation  funding 
and  get  matching  funding  from  industry. 

By  the  way,  we  are  domg  that  in  many  other  areas,  and  I  do  not 
think  that  is  such  an  outrageous  idea.  By  the  way,  I  also  think  it 
would  be  a  very  succrasful  attempt.  So  there  is  one  example,  and  I 
think  it  is  a  very  good  example. 

Let  me  just  give  you  a  number.  We  have  in  1988,  out  of  approxi- 
mately a  $1.5  billion  or  $1.6  billion  research  budget,  we  have  had 
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matching  funding  from  industry  and  the  States  to  the  tune  of 
about  $300  miUion. 

Mr.  Price.  How  do  priorities  of  that  sort  get  communicated  to 
the  research  communitjr? 

Mr,  Bloch.  Well,  in  many  ways.  FHrst  of  all,  in  the  Engineering 
Research  Centers,  which  is  one  of  the  main  activities,  it  is  in  our 
solicitation*  So  the  ac^lemic  (immunity  has  to  go  out  to  industry 
and  get  participation. 

In  the  Presidential  Young  Investigator  prc^ram,  it  is  the  individ- 
ual researcher  who  has  to  make  a  connection  with  indtistnr  and  get 
funding  from  industiy  before  he  can  get  additional  funcfing  from 
the  F(Hindation.  So  many  times  it  is  in  our  solicitation. 

Mr.  V/algrsn.  The  gentleman's  time  has  expired;  and,  if  we  can 
stay  with  it,  we  are  getting  to  the  point  where  you  will  get  another 
opportunity  very  quickly. 

Mr.  Price.  Fine.  Thank  you,  Mr.  Chairman. 

Mr.  Walgrsn.  The  gentleman  from  Missouri,  Mr.  Buechner, 

Mr.  BuECHNER.  Thank  ou,  Mr,  Chairman,  and  I  thank  my  col- 
league from  California  for  yielding  a  little  bit  here. 

Dr.  Bloch,  it  is  nice  to  see  you,  as  always.  I  was  honored  to  be 
able  to  go  with  a  few  other  Members  down  to  the  Antarctic  to  visit 
our  research  facilities  down  there.  I  know  you  touched  on  it  briefly 
in  your  opening  remarks. 

1  would  ask,  perhaj^,  that  you  talk  a  little  more  in  detail  about 
it,  primarily  two  things.  Numoer  one,  what  are  we  going  to  get  out 
of  this  five-jrear  p!an  with  the  significant  increase  that  you  have 
reouested  for  the  Antarctic? 

And,  number  two,  maybe  to  explain  a  little  bit  to  the  Members 
just  what  extra  responsioilities  the  United  States  seems  to  have  in 
the  Antarctte.  By  that  I  mean  emei^ency  response,  the  fact  that 
although  ti*ere  are  many  other  c^uptnes  down  there,  that  many  of 
them  depend  upon  us  for  medical  care  of  a  i^iore,  I  guess,  sophisti- 
cated measure  other  than,  say,  paramedic  tret^tment,  so  that  some 
of  the  butlen  that  we  share  goes  beyond  just  taking  care  of  United 
States  interests,  but  is  more  of  an  international  basis. 

Thirdly,  obviously,  you  are  aware  of  the  criticism  of  the  Environ 
mental  Etefense  Fund  They  think  that  tne  United  States  is  a  par- 
ticipant in  the  rape  of  Antarctica,  I  gu^  would  be  maybe  a  little 
bit  of  a  dramatic  phrase.  But  if  you  could  kind  of,  with  some  specif- 
ics, tell  us  what  the  National  Science  Foundation,  as  the  overseer 
of  our  Antarctic  expeditions,  what  you  are  doing  to  ensure  that  not 
only  are  existing  problems  cleaned  up,  but  that  other  problems  are 
not  going  to  occur. 

Mr,  Bloch.  Yes,  I  will  be  glad  to  talk  about  that.  Let  me  make 
some  general  comments  and  then  ask  Dr.  Wilkniss,  who  is  in  the 
audience,  to  step  forward  and  give  you  a  more  detailed  report.  As 
you  know.  Dr.  Wilkniss  is  in  char^,  among  other  things,  of  thr 
Antarctic  prc^am. 

But  let  me  make  a  general  comment.  You  have  seen  the  condi- 
tions in  Antarctica.  It  is  a  very  difficult  environment,  at  host  We 
are  operating,  and  have  been  operating  over  30  years,  the  major  in- 
stallations in  Antarctica  of  any  countiy.  Over  the  80  years,  a  lot  of 
things  liave  changed.  Attitudes  have  changed,  obviously.  Ri^la- 
tions  have  changed.  Legal  requirements  have  changed,  as  well  as 
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the  tedmology  has  changed  that  allows  us  to  do  things  differently 
tCNiay  than  mey  were  done  30  yeara.  And  that  is  true  in  this  coun- 
try, and  it  is  certainly  true  in  Antarctica,  also. 

So  X  think  the  probl^  that  we  have  in  Antarctica  is  that  we 
have  to  essentially  jxane  to  grips  with  our  past.  And  we  have  to 
clran  up  what  is  thexa,  flnt  of  all,  and  then  make  sure  that  what 
we  are  doing  in  the  future  is  commensurate  with  the  way  we 
^ould  handle  that  imrticular  environment  and  behave  in  that  par- 
ticular environment. 

We  had  a  commimicm  in  pliu^  last  year  that  looked  at  safety, 
that  looked  at  environment,  and  that  looked  at  health.  By  the  vray, 
these  three  areas  are  intertwined;  you  cannot  separate  the  two. 
One  feeds  on  the  other.  It  became  very  clear  that  we  had  a  major 
kind  of  prc^lem  that  we  needed  to  acMress. 

Hiat  got  us  into  conversations  with  OMB,  and  between  0MB  and 
the  Foundation  we  agreed  on  a  five-'^ar  pn^ram.  Again,  it  is  not 
something  which  you  can  clear?  up  overnight  or  rectify  overnight. 
It  tal^  a  longer  period  of  time. 

We  are  sch^uling  about  $150^  million  fbr  that  particular  effort. 
The  first  installment  against  this  $1^  million  is  in  this  year's 
budget  to  the  tune  of  about  $10  million. 

With  the  chairman's  permi^on,  I  would  ask  Peter  Wilkniss  to 
come  forward  and  discuss  the  details  that  Mr.  Buechner  asked  for. 

Dr.  Wilkniss.  Mr.  Chairman,  Congressman  Buechner,  the  initia- 
tive that  Director  Bloch  described  in  general  is  focused  on  three 
areas:  number  one,  safety.  We  have  had  some  major  problems,  am- 
dents,  and  we  believe  we  have  to  attain  year-round  operations  with 
ro'-iem  technolc^,  with  ^rceptable  risks,  number  one. 

Number  two,  in  the  environmental  ar^,  we  l^lieve  we  have  to 
clean  up  problems.  We  have  to  bring  our  operations  in  conso- 
nance with  changing  attitudes,  changing  regulations,  laws,  and 
changing  technolc^. 

Last,  not  least,  m  this  area,  I  believe,  we  have  to  look  forward, 
create  new  approaches  and  new  technologies  to  unprove  on  what 
we  are  doing  and  maintain  tlie  leader^p  that  the  United  Statra 
has  had  in  Antarctic  operations. 

Pinallv,  the  health  area.  We  are  wanting  in  medical  facilitiw. 
The  field  teams  that  spend  sometimes  months  in  vezy  remote  areas 
of  the  Antarctic  need  to  be  equipped  with  experts  that  have  medi- 
cal training  to  assure  their  safe,  if  not  comfortable,  operation. 

The  prc^ram  that  is  in  the  President's  budget  has  three  parts. 
Number  one,  the  safety  part:  We  envision  a  total  of  about  $30  mil- 
lion over  a  period  of  five  years.  It  concerns  itself  with  improvement 
in  our  air  traffic  control,  our  ship  operations,  the  general  conduct 
of  our  work  in  the  stations—for  instance,  McMurdo  is  wanting  in  a 
sewage  treatment  system  and  fire  suppression  system.  South  Pole 
has  m^or  problems  in  the  housing  we  are  providing,  again  in  fire 
suppression.  The  station  it^lf  is  in  need  of  repair;  the  Bame  we 
have  to  say  for  Palmer  station. 

As  far  as  the  environment  is  concerned,  you  have  seen  for  your- 
self that  we  have  a  m^or  backlc^  of  cleanup  in  the  McMunio  ar^ 
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that  will  cast  millions  of  dollars.  We  are  working  on  bringing  our 
waste  water  treatments  and  the  burning  of  wastes  into  agreement 
with  the  new  r^n^l^^tions  that  were  accepted  by  the  Antarctic  coun- 
tries in  Hobart  in  September  of  last  yrair.  Alro,  have  to  come 
into  the  spirit  of  the  law,  if  not  the  letter  of  the  law,  in  our  dom^ 
tic  laws  and  reflations,  which  approximately  101  statutes  po- 
tentially apply  to  what  we  are  doing. 

And  finally,  you  have  reen  the  problems  that  we  have  in  the 
health  area.  We  had  a  nu^r  accident  involving  i:.  people,  nine  in- 
juries and  two  killed.  And  all  we  can  A)  in  the  Antarctic  with  what 
we  have  now  is  stabilize  those  people,  and  then  get  them  out  as 
fast  as  we  can  to  New  Z^dand. 
Mr.  Skaqgs  [a£»imung  chair].  The  gei.ueman's  time  has  expired 
Mr.  Bu»:hner.  If  I  (X)uld,  Mr.  Chairman,  I  don't  want  to  ask  an- 
other questioi ,  but  there  were  a  number  of  OTmplaints  that  were 
presented  to  this  committee  earlier,  and  they  were  from  the  Envi- 
ronmental Defense  Fund.  There  were,  1  thmk,  eight  specific  com- 
plaints that  they  had. 

I  would  like  to  give  a  copy  of  those  complaints  to  the  NSF  and 
ask  them  to  give  diis  committee  Bome  response  to  those  particular 
complaints,  because  I  think,  when  you  line  them  out,  they  look 
pretty  accusative.  And  I  think  there  are  some  legitimate  responses 
that  explain  why  some  things  have  not  been  done,  and  certainly, 
Mr.  Chairman,  a  lot  of  it  depends  on  the  money  that  is  made  avail- 
able to  NSF,  because  it  is  one  thing  to  say,  in  an  unlimited  budget, 
you  can  do  all  those  things,  but  with  a  limited  budget,  you  have  to 
set  priorities,  and  I  think  you  have  done  a  good  job  of  it. 

But  I  would  like  to  have  you  take  the  time  and  give  you  the  op- 
portunity to  respond  to  those  allegations- 
Thank  you,  Mr.  Chairman* 

Mr.  Skaggs.  Mr.  Bloch,  if  you  could  provide  that  for  the  record, 
we  would  appreciate  it. 

Mr.  Block.  Yes,  we  will  be  glad  to  r^pond  to  that.  Let  me  just 
say  in  general  that  there  are  some  things  in  that  document  that 
are  appropriate;  there  are  some  things  in  there  which  are  wrong; 
and  there  are  some  things  in  there  that  would  be  appropriate 
under  a  very  unlimited  kind  of  budget.  So  we  have  to  bring  all 
these  things  together,  and  we  will  be  glad  to  give  you  that  answer 
in  detail. 

Mr.  BuECHNEK,  Mr.  Chairman,  I  would  ask  unanimous  consent 
that  those  replies  be  inserted  in  the  record. 
Mr.  Skaggs.  Without  objection. 
\ThB  information  follows:] 
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The  l^virc»uaentaX  Defeti^e  Fund  testlTOny  contains  a  nurot^r  of 
Inaccuracias.     For  exaaiple,  EDF^s  tostimony  chargaa  that  the 
waters  off  HcMurdo  Station  are  wor©  heavily  polluted  in  terms  of 
FCB  levalB  than  virtually  all  estuaries  and  bays  in  the  United 
Statu.    ThlB  ia  not  correct. 

In  fact,  as  environmental  awareness  in  the  United  States  and 
within  the  Antarctic  Treaty  System  has  increased,  NSF  has  taken  a 
ntjffiber  of  steps  to  inprove  environmental  practices  at  its 
antarctic  stations. 

p  In  the  early  19809  at  McMurdo  Statics,  dumping  of  trash  and 
ecrap  at  the  edge  of  Winter  Quarters  Bay  was  stopped  and  in 
recent  years  significant  effort  has  b*en  devoted  to  cleanup 
of  that  area  and  the  station  as  a  whole. 

o       In  October,  1088  an  announcement  and  suair*iry,  "Environmental 
Protection  Agenda:  U.S.  Antarctic  Program*  was  published  in 
the  Federal  Register  for  coment.     it  covered  the  following 
topics: 

planning  for  environmental  management^ 

legal  review  of  resiK^nslbilities, 

envlronBiental  assessaents  and  impact  studies, 

environmental  awareness,  and  an 

update  of  facilities  and  logistics  plan  with  an 

emphasis  on  environmental  consideration. 

o       Significant  actions  in  Antarctica  this  past  season,  in 
addition  to  the  Winter  Quarter  Bay  clean  up  included: 
cessation  of  ocean  dxunping, 

extensive  retrograde  of  metal  scrap,  old  vehicles, 
construction  material,  batteries,  tires,  and  other 
waste  products  to  the  U,S.; 

general  site  cleanup  facilitated  by  introduction  of 
strategically  placed  duflipsters,  and  an 
underwater  survey  and  sampling  of  McMurdo 'e  marine 
environs  results  of  which  are  e^cpected  shortly. 

o       The  FY  1V90  Budget  included  SlO  million  for  the  first  year 
of  a  five-year  Safety,  Environment  and  Health  (SEH) 
initiative.      Of  this  amount  about  85  million  is  earmarked 
for  environmental  activities  for  which  about  $30  million  is 
planned,  mainly  in  the  first  three  years  of  the  initiative. 
These  funds  will  used  for  studies,  procurement, 
construction,  etc.  related  to  the  following  topics: 
wastewater  treatment  and  outfalls, 
solid  waste  minimizavion  and  disposition, 
incinerators, 

environmental  monitoring,  and 

other  activities  determined  to  be  of  high  priority, 
o       The  Foundations 's  Division  of  Polar  Programs  plans  to  hire 
shortly  a  Safety  Environmental  and  Health  Officer,  who  will 
have  environmental  oversight  as  a  key  responsibility. 
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February  7.  1989  th©  NSF  Director  and  staff  aet  with 
rapresentativfiB  of  environmental  groups  concerning  the 
enviroxi«iental  part  of  the  SEH  initiative  and  means  for 
implementing  it.    There  was  unanimous  support  for  the 
initiative,  though  sore©  thought  additional  actions  were 
needed  too. 

During  the  next  year,  NSF  will  participate  in  the 
development  of  a  new  waste  har^dllng  code  for  Consultative 
Parties  to  Antarctic  Treaty,  continue  to  work  on  pollution 
control  at  United  States  Stations,  complete  its  review  of 
KSF's  compliance  with  environmental  legal  standards,  and 
revise  its  Environmental  Protection  Agenda  in  response  to 
what  has  been  learned  through  these  and  other  efforts. 


603 

Mr*  Skaqgs,  Tte  gentteman  frofm  California,  Mr.  Mineta. 

Mr.  MiNKTA.  l%aiik  you  very  mudi,  Mr.  Chairman. 

Let  me  follow  up  <m  Mr.  Bwchner's  oueation  about  the  Antarcti- 
ca mpgram,  Giwn  your  current  fleet  or  aircraft  Uiere,  ia  that  fleet 
sufficient  to  meet  your  current^  immediate  requirements? 

Mr.  Block.  No,  the  fleet  is  not  sufficient  to  meet  our  require- 
ments. In  fact,  many  times  we  probably  could  not  undertake  pro- 
grams that  we  m>uld  have  liked  to  undertake  becau^  of  the 
Bmit— not  nec^arily  because  of  total  dollar  limitations— because 
of  limitations  of  aircraft  availability. 

Mr.  MiNETA.  Now,  givi^  the  fm^t  ^t  you  are  going  to  be  doing 
incr^ised  research  in  the  Antarctica  with  the  n^  doubling  of  the 
NSF  budget  by  1993,  what,  tl^n,  kinds  of  plans  are  ^ou  incorporate 
ing  into  that  aspect  of  it  in  torms  of  the  future  aircraft  require- 
ments to  support  the  increa^  research  activiti^  there  in  Antarc^ 
tica? 

Mr,  Bloch.  Well,  for  tiie  immediate  future,  the  next  few  ymiB, 
we  have  an  ongoing  prc^ram  to  upgrade  and  improve  the  e»sting 
fleet  As  you  know  probably,  we  rescued  one  of  the  LC-13Qs  that 
was  stranded  in  Antarctica  for  years.  It  is  l^ing  rebuilt  right  now 
in  New  Zealand. 

Mr.  MmsTA.  But  that  will  not  be  ready  imtil  1992,  as  I  undex^ 
stand  it. 

Mr.  Bloch.  WeH,  I  understand,  but  that  is  part  of  looking  at  the 
immediate  future. 

We  have  had  ao^^  to  some  intermediate  aircraft,  small-size  air- 
craft;,  which  we  can  use  in  certain  arens»  but  for  the  lon^  haul,  we 
are  tryix^  to  develop  a  strot^c  plan  to  tell  us  what  kmds  of  re* 
quirements  we  have  from  the  lw4-1995  time  frame  on.  And  we 
have  to  deal  with  that  one  in  future  appropriations. 

Mr.  MiNSTA.  In  your  NSF  budget  submission,  there  is  a  state- 
ment on  USAP-2  saying,  "Upgrades  of  ttie  LO130  aircraft  and 
construction  activities  wiU  continue  but  at  a  slower  rate.''  So,  given 
the  programmatic  eftbrte  being  doubled  by  1993, 1  just  was  a  little 
concent  about  whether  or  not  this  j^rt  of  it  was  going  to  be  stay- 
ing in  pac^  with  it;  that  is  all. 

Mr.  BI4OCH.  Mr.  Mineta,  as  was  pointed  out  this  morning,  you 
know,  requeste  are  one  thing;  appropriations  are  something  else. 

Mr.  MmsTA.  Oh,  al^lutely*  and  being  a  member  of  an  authoriz- 
ing committee,  we  don't  appreciate  but  we  recognize  the  distinc- 
tion. [Laughter.] 

Tliank  you  very  much,  Mr.  Bloch.  I  really  want  to  commend  you 
and  the  job  you  are  doing  at  NSF,  as  weil  as  to  those  on  the  Ka- 
tional  Saence  Board. 

Hiank  you  very  much,  Mr.  Chairman. 

Mr.  Skaqos.  Thank  you. 

The  gentleman  from  Illinois? 

Mr«  Bruce.  I  thank  die  chairman. 

Your  1990  budget  doubles  the  number  of  Science  and  Tech  Cen- 
ters in  the  second  year  of  the  pn^ram.  This  committee  has  been 
reluctant  to  approve  new  ranters.  What  is  the  rationale  for  the 
doubling  of  the  number  of  Science  and  Tech  Centers  this  quickly, 
and  how  does  that  fit  into  your  being  able  to  adequately  fund  eust* 
ing  centers  and  other  national  facUities? 
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Mr.  BiocH.  Well,  the  rationale  behind  increamn^  th'^  centers  in 
the  1990  budget,  as  we  describe  is  the  same  rationale  that  we  had 
in  establishing  the  centers  In  the  first  pl^re.  It  is  a  way  of  operat- 
ing in  the  rraearch  environment  where  large  prt^lems  beyond  the 
caiMd>ility  of  a  single  investigator  are  at  isue*  It  is  a  way  of  operat- 
ing and  doii^  rraearch  in  sophisticated  areas  where  you  need 
m€^r  equipment 

It  is  a  way  of  operating  on  a  rese!;jni?h  problem,  in  a  rraearch 
area  where  you  need  interdiscipliptAry  irivolvement*  where  it  is  not 
a  question  of  mathematics  or  of  physics  or  of  chemistry  or  of  biol- 
ogy but  all  of  the  above  combined,  Thsc  is  the  rationale  for  it. 

Our  total  expenditure  in  the  Four  Jation  on  all  center  activities, 
not  just  the  ones  you  mention^  but  the  Engineering  Research 
Cent^^  the  Materials  R^earch  Laboratories^  which  have  been  in 
existence  for  10  or  16  years,  for  instance,  is  lei»  than  10  percent — it 
is  about  6.5  percent  right  now— of  the  total  budget  of  the  Founda- 
tion. 

So  it  is  again— you  know,  the  word  "l^Uanc^"  has  been  men- 
tioned too  many  times  this  morning;  I  will  mention  it  once  more. 
The  balance  between  individual  researchers  and  centers  and  group 
activities  is  what  we  are  after. 

That  we  want  to  increase  the  Scieni^  and  Technolc^  Centers 
this  year,  you  are  saying,  so  fast?  I  don't  think  it  is  so  fast.  Let  me 
give  you  some  numbers.  When  we  went  out  with  our  solicitation 
last  year,  we  got  over  300  replies,  350^°  replii^.  When  we  went 
through  all  of  the  replira,  went  through  peer  review  with  them, 
there  were  48  centers  that  were  judged  to  be  of  outstanding  quality 
and  pertinent  to  the  issues  of  the  day. 

Out  of  the  48,  we  only  could  fund  11.  So  that  is  how  far  our 
monev  went.  So  11  out  of  350  is  a  very  small  number.  The  yield  is 
very  low,  and  we  think  we  should  follow  through  in  1990  on  the 
second  round  because  of  this  high  demand  that  we  have  and  the 
good  science  that  we  saw  and  the  good  activities  that  we  saw 
coming  out  of  the  first  solicitation. 

Maybe  Dr.  Moore  wants  to  add  romething  to  that. 

Dr.  Moore,  I  was  going  to  make  essentially  the  same  point,  that 
the  decision  proc^  this  time  around  was  exceedingly  difficult. 
And  the  reason  it  was  so  difficult  was  the  very  high  quality  and 
exciting  science  opportunities  that  were  represented  in  the  propos- 
als that  we  received. 

The  other  point  that  you  mentioned  is  whether  we  will  be  fully 
funding  the  ones  that  we  establish  this  year.  And  to  that,  the 
answer  is  that  the  budget  submission  as  we  have  presented  it 
indeed  do^  provide  for  mil  funding  for  each  one  of  those  centers. 

Mr.  Brucs«  Did  you  make  a  management  decision  as  to  what 
happens  if  yoxx  do  not  get  full  funding? 

Dr.  Moors*  Well,  if  we  do  not,  we  will  have  to  decide  what  to  do 
at  that  point 

Mr.  Bruce.  But  there  is  no  present  management  decision  as  to 
where  you  go  with  new  centers  versus  maintaining  existing  cen- 
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Dr.  Moore*  We  cl«suiy  have  a  retiponsibility  to  maintain  those 
that  we  have  established;  there  is  no  question  ^ut  that 

Mr.  Baucfi.  Well,  tJien,  let's  delve  deeper  into  your  decisionmak- 
ing process.  Under  the  faciliti^  management  modernization  pro- 
gram," in  your  fiscal  year  1990  budget,  did  you  request  any  funds 
to  OMB  for  that  new  pro^^,  facilities  modernization? 

Mr.  Bxx)CH.  On  the  facSities  modernization,  we  had  a  number  of 
discufflions  on  that,  and  there  is  no  fimdii^  provided  in  the  1990 
budget  for  that 

Mr.  Bsucfi*  Right.  Did  you  ask  OMB  for  money? 

Mr.  Block.  No,  we  did  not 

Mr.  Brucs.  So  that  was  a  management  decision  not  to  fund  the 
facilities  modernization  pn^am? 
Mr.  Bu)CH.  Well,  let  me  tell  you  why. 
Mr.  Bruce.  All  right 

Mr.  Bloch.  We  were  asked  by  Congr^  to  put  a  report  together 
on  the  facilities  that  elicits  many  of  the  iroues  that  need  to  be  re- 
solved. We  are  in  the  pnx^ss  of  doing  that  That  will  be  completed 
in  the  June  time  frame  as  requested. 

We  established  a  facilities  officii  with  %nior  people  in  it  in  the 
Foundation,  to  get  a  move  on  on  this  particular  problem.  So  I  think 
we  are  on  the  track  of  establishing  not  only  what  the  requirements 
are— we  know  the  requirements— but  how  to  deal  with  that  par- 
ticular issue,  because  the  authorization  bill  is  very  precise  in  some 
areas  and  verv  prescriptive  in  some  areas.  Ana  we  have  to  see 
what  that  really  means  in  practical  terms,  and  we  are  in  the  proc- 
^  of  doing  that. 

Mr.  Brucr.  Does  it  concern  you  at  all  that  at  one  part  of  your 
budget  you  are  eximnding  pn^rams,  like  in  the  Science  and  Tech 
Centers,  and  in  another  program  you  are  studying  whether  or  not 
you  ought  to  modemiw  existing  facilities  and  maybe  the  prqgram 
ought  to  be  studied  whether  you  start  new  facilities  and  updating 
and  modernizing  the  existing  facilities?  We  are  launching  off  onto 
new  programs  but  studyii^  whether  or  not  we  oi^ht  to  keep  exists 
ing  pn^rams. 

Mr.  Bloch.  No,  it  doran't  bother  me  at  all  because  you  should 
understand  what  we  have  told  Congress  over  and  over  again,  and 
Congress  has  agreed  with  us  on  that.  Our  priorities  are  people, 
equipment,  and  instrumentation,  and  then  facilities.  That  was  a  de- 
liberate policy  ded^on.  The  National  Science  Board  agrc^  with  it 
I  think  that  is  in  line  with  the  need  of  the  country. 

Yesterday,  in  an  appropriation  committee  meeting,  we  had  exact- 
ly the  same  discussion,  and  the  oppc^ite  view  from  yours  was  pre- 
sented. 

Mr.  Bruce.  To  start  new  centers  and  don't  modernize  old  onra? 

Mr.  Bloch.  No.  Go  focus  on  people  and  equipment  before  you 
focus  on  facilities. 

Mr.  Bruce,  How  d<^  that  fit  into  your  astronomy  pn^ram 
where,  over  the  last  sevejnal  years,  there  nave  been  signifiamt  con- 
stant-dollar declines  in  ai^istance  to  astronomy;  yet  you  are  find- 
ing a  major  new  project,  the  Very  Loi^  Baseline  Array?  If  you  pn> 
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poee  new  constj-ucticm,  is  there  a  plan  for  closing  down  existing  fa- 
cilities at  all? 

Mr*  BLorai.  I  think  we  have  a  semantics  prdblem.  The  authoriza- 
tion bill,  when  it  talks  about  facilities,  H  mrans  the  maintenance 
and  upgratk  of  bridk*and-mortar  fadlities,  the  way  I  understand  it. 

What  you  are  cdting  is  construction  of  new  equipment.  It  hap- 
pens to  be  a  big  piece  of  grar,  cdivimiBly,  and  it  involve  some  bridk 
and  mortar,  dbviously,  somewhere.  But  that  is  in  a  different  cat^p>- 
ry,  and  when  I  gave  you  the  answer  I  did,  I  put  that  one  into  the 
seecmd  priority  category  of  instrumentation  and  equipment.  So  the 
two  are  not  we  same* 

Bfr.  Brucs.  But  your  dollars  going  toward  astronomy  have  not 
increased  and  have  been  in  decline  if  you  take  constant  dollars.  Is 
that  not  correct,  over  the  past  several  years? 

Mr.  Bloch.  I  don't  have  the  numbers  in  front  of  me,  but  I  will  be 
gild  to  look  it  up.  It  has  not  increased  very  much,  but  we  have  put 
a  large  ^ort  into  it  We  are  spending  on  the  VLBA  that  you  are 
citing  close  to  about  ^0  million  to  $90  million  in  total.  We  have 
b^n  spending  it  since  1984.  We  would  have  liked  to  spend  it  at  a 
fiK^r  rate  so  that  that  piece  of  instrumentation  would  be  complete 
by  now.  We  had  to  stretoh  it  out  because  of  fiscal  constraints  that 
we  had. 

Dr.  MooEE.  Could  I  make  one  comment,  two  comments,  actually? 
Mr.  Bruce.  Surely. 

Dr.  Moors.  First,  on  the  astronomy,  you  have  to  b^ur  in  mind 
that  VLBA  was  the  number  one  priority  of  the  astronomy  commu* 
nity.  As  part  of  our  decision  pro(%£»,  we  took  that  recommendation 
seriously,  and  we  have  been  putting  more  money  into  that  particu- 
lar arenat  or  that  particular  project,  in  line  with  that  setting  of  pri* 
orities. 

TbB  second  point  on  what  Mr.  Bloch  just  said  on  semantics,  the 
S&T  Centers  are  not  facilitira.  At  least  we  do  not  fund  facilities  at 
the  S&T  Centers.  Those  are  r^earch  activities,  and  most  of  the 
funding  goes  for  people,  inv^tigators  in  those  centers,  and  then  a 
smaller  but  significant  factor  for  instrumentation  and  equipment 
that  those  people  use. 

Facilities,  in  the  sense  of  this  committee's  authorization,  have 
been  provided  in  a  nun^r  of  cas^  to  specially  the  Engineering 
Research  Centers  by  now.  and  I  am  sure  the  same  thing  will 
happen  in  the  STCs,  b^  other  agenci^,  the  Statra  in  particular,  for 
those.  But  I  think  it  is  important  to  understand  that  the  centers 
themselves  are  not  facilities  in  tbe  sense  of  the  authorization  bill. 

Mr.  Walgrsn  [rrauming  chair].  The  gentleman's  time  has  ex- 
pired. 

Mr.  Bruce.  All  right.  I  will  come  around  the  second  round,  tlien. 

Mr.  Wauoren.  All  right. 

The  gentleman  from  Iowa,  Mr.  Nagle. 

Mr.  Nagls.  We  have  had.  Dr.  Bloch,  in  all  candor,  some  rather 
disturbing  testimony  last  week  and  the  week  before  with  regard  to 
the  status  of  the  science  and  matiiematics  and  engineering  achieve- 
ment levels  of  studente  in  this  country. 

Dr.  Boyer,  who  is  the  president  of  the  Cam^e  Foundation, 
came,  and  as  succinctly  as  I  can  give  you  his  testunony,  he  says, 
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'^The  harsh  truth  is  that  science  and  mathematics  education  in  the 
Nati<Hi's  schools  is  in  had  shape/' 

He  then  recites  a  litany  of  shortromings  of  America's  high  school 
matl^natics  m»)mpli8hments»  and  t^en  he  says,  and  I  am  quoting 
frtm  his  t&itimony,  ''In  science,  the  crisis  is  equally  disturbing. 
Again,  tibe  most  recent  scienoe  report  csurd.  Trends  and  Achieve- 
ments Based  on  the  1986  National  Assesmient,'  reported  that  .  . 
and  then  again  ancrther  Utanv  of  shortcomings  of  American  high 
school  and  undeiKraduate  students'  scientific  i^hievement 

I  guess  I  can  surmise  that  the  basic  position  of  NSF  is  Uiat  this  is 
the  re^nsibility  of  the  Statra.  I  gather  that  from  your  own  testi- 
mony, £r  X  may  quote  it  to  you: 

NSPs  pie<xdleg0  mifqxxrt  has  ImtreaBed  dramatically  since  1988.  Nevorthelew,  tl» 
I4SF  role  in  pro^mlege  educatioo  »  very  small  in  rdaticMi  to  Federal  boA  State  sup- 
pcHl  for  education  ami  fomses  cmly  cm  sc^cc  and  mathema^s.  We  can  lead  and 
stimulate  others  to  Imd  and  to  innovate.  Ths  States,  whkh  bear  the  principal  re- 
qpicm^llity  for  educatifm^  must  step  forward  wit\  renewed  eflbrts  in  this  area. 

So,  firet  of  all,  it  is  your  position  that  this  is  a  pn^lem  that  the 
States  ought  to  address;  it  is  not  a  national  c^ncem^  predominant- 


Mr.  Block*  No,  not  at  all.  I  think  you  are  rmding  ^t  statement 
not  the  way  it  is  meant  What  y^e  are  saying  essentially  is  that  the 
Federal  Ck>vemment  or  NSF,  if  you  please,  has  a  role,  has  a  signifi- 
cant role,  but  it  does  not  have  the  total  role  for  the  solution  of  that 
pn^em.  And  we  are  focusing  in  that  statement  essentially  on  tne 
States  and  tiie  localities,  as  is  the  case.  They  are  imrticipants  in  it* 
In  fact,  you  were  not  here  this  morning  when  a  conversation 
along  that  line  between  Mr,  Bmwn  and  myself  came  up,  and  his 
focus  was^  how  come  in  the  196(ta  the  reforms  that  were  put  in 
place,  the  int^rams  that  were  ^ut  in  pl^^  did  not  have  a  perma- 
nent kind  of  effect?  In  my  opimon,  it  was  the  fact  that  th^  were 
stand-alone  programs*  They  were  not  cemented  in  with  those  of  the 
localities  and  the  States.  There  vf^m  no  partidpition,  or  enough 
participation— I  am  sure  there  was  some— to  make  them  progrmns 
permanent  and  lasting. 

We  are  not  stepping  away  from  this  obligation;  quite  the  con- 
trary. But  we  are  saying  we  are  not  the  only  ones  tibiat  can  solve 
that  particular  probleuL  So  I  think  our  statement  might  not  be  a 
very  good  expression  of  this,  but  what  we  mean  by  it  essentially  is 
that  we  can  be  a  catalyst.  We  have  a  role  to  play,  but  we  are  not 
the  only  on^  that  have  that  role  to  play. 

Mr.  Naols.  But  your  testimony  seems  to  imply  that  it  is  the 
principal  rraponsibility  of  the  States  and  not  of  the  national  gov- 
ernment. 

Mr.  Bloch.  Well,  the  localities  certainly  have  the  prindiml  re- 
qxindbility.  Every  sdiod  hwrd  has  a  responmbility  on  teacher  se- 
lection»  on  teadier  pay,  on  materials  selection,  and  so  forth*  And 
those  are  important  aspects  of  the  solution  to  the  problem. 

Mr.  Naole.  WeU,  would  you  concur  with  Dr.  Boyer's  

Mr.  Bloch.  We  got  into  trouble  in  the  past,  by  the  way,  when  it 
was  assumed  or  thought  of  that  we  were  trying  to  impose  a  materi- 
als development  prt^ram  on  the  country.  We  are  not  doing  that 
and  never  did  that,  but  it  was  only  looked  at  and  the  specter 
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raised.  We  got  into  trouble  on  that  So  there  is  an  acknowledged 
role  oi  the  lo^ties. 

Mr.  Naglk.  But  jrou  would  concede,  or  wrndd  you  disagree,  with 
the  tertimony  received  from  Dr.  Boyer  and  the  Carnegie  Institute 
that,  whoever's  respimsii^ty  it  is,  we  are  not  getting  the  job  done? 

Mr.  Bloch.  X  don't  disagree  at  ail.  I  don't  disagree  at  all;  quite 
tio)  otmtraiy.  I  have  made  similar  commits  myself. 

Mr.  Naolb.  Then  we  had  Dr.  BeU  i^,  and  he  talked  about  NSTs 
role  and  the  SEE  program.  I  would  like  to  read  you  a  quote  from 
his  testimmiy  aad  ask  you  to  respond.  He  said,  and  I  am  quoting: 

Two  jrean  tgo,  then  wa«  d^nite  s^ns  that  NSF  was  going  to  make  a  maior 
positive  move  to  reoaot  its  Icodet^p  and  omcera  for  the  tmi&  ai  undergraduate 
edttcatiim.  mjuih  oa  it  had  in  the  middle  sixtka.  Uiuter  the  leadenJiip  ofHcmier  Neal. 
the  Natimial  Science  Board  podticed  a  report  on  unitergraduate  science,  engineer- 
ing, and  mathematics  ediKatkm  that  called  for  ma^r  initiatives  at  NSF. 

Continuing  the  quote: 

_Ji^l^'_T?.'*5Sl*^**»  ^^JS^  *^  IKviaion  of  Undeiipwiuate  Education  was 
eataUUttd  within  NSF,  withm  SEE,  and  we  were  at  firet  encour^ed  by  the  rheto- 
ric amKrandng  NSTa  {dans  fwr  underRraduate  education.  But  a  closer  analysis  has 
turned  tl»  iMipe  to  disappdntment  ana  finally  to  dismay. 

b  that  an  inaccurate  as^^ment? 
Mr.  Buxm.  Absolutely. 
Mr.  Nagls.  And  why  so? 

Mr.  BixxH.  Well,  I  will  be  glad  to  answer,  but  let  me  ask  Dr. 
Powell  to  take  the  lead  in  answering  that  question.  He  is  from  the 
National  Science  Board.  The  National  Science  Board  has  spent  a 
lot  of  time  on  this  particular  issue,  and  we  are  spending  a  lot  of 
money  on  it.  But  I  will  let  Dr.  Powell  answer. 

Dr.  Powell.  Good  morning,  Mr.  Nagle. 

Mr.  Naole.  Good  morning. 

Dr.  I^WKLL.  I  am  a  member  of  the  Science  B(»rd,  I  was  on  the 
Neal  Committee,  and  I  am  at  an  undergraduate  institution,  so  I 
have  a  special  interest  in  this  particular  question. 

I  think  that  statement  is  overly  harsh.  We  could  always  be 
spending  more  money  on  any  of  the  areas  that  we  have  identified 
this  momii^.  I  think  we  have  made  significant  pn^ress  in  spend- 
ingfor  undergraduate  education. 

We  are  following  the  broad  outline  of  the  Neal  recommendations; 
and,  considering  what  has  happened  to  the  overall  Science  Founda- 
tion budget  since  that  report  came  out,  I  don't  think  we  are  doing 
too  badly.  More  growth  is  planned  for  the  future,  and  I  think  it  is 
necessary. 

But  if  you  recall— I  don't  know  if  Mr  Boyer  said  this  when  he 
was  here  last  week,  but  he  is  fond  of  saying  that  education  is  a 
seamless  web,  whidi  is  somethii^  I  very  much  asree  witii,  from 
kindernuten  to  graduate  school.  And  so  we  am  pick  out  individual 
areas.  We  are  probably  not  spending  enough  money  on  any  of 
them.  But  if  we  look  at  the  whole  and  the  pattern  and  the  balance. 
I  think  we  are  not  doing  badly. 

Mr.  Waloben.  Would  the  gentleman  yield? 

Bfr.  Naole.  Certainly. 

Mr.  Bloch.  Could  I  just  answer? 

Mr.  Walobsn.  Sure,  certainly. 


o 

ERIC 


612 


609 

Mr.  Block.  Mr.  Nagle,  Dr.  Powell  was  very  polite  when  he  called 
tluit  judgment  of  Mr.  Bell's  harsh.  I  think  it  is  irresponsible,  and  I 
will  say  that  wiUi  tiiinking  about  the  choice  of  my  words  because 
we  went  in  a  two-year  period*  from  zero,  practically  aero,  to  over 
$100  million  in  our  1990  request  for  undergraduate  education.  And 
I  think  that  is  a  signifkant  commitment  of  the  Foundation,  and  I 
don't  know  why  that  statement  is  being  made  the  way  you  read  it. 

Mr.  Naols.  1  didn't  say  it,  you  understand. 

Mr.  Bixxai.  I  know.  I  know,  you  are  quoting.  But  I  don't  know 
why  the  gentleman  made  that  statement 

Mr.  Naoi&  Let  me  vield  to  my  chairman. 

Mr.  Waixjren.  Well,  perhaps  you  want  to  pursue  that  point  by 
point  My  ouestion  was,  if  the  gentleman  would  yield,  certainly  we 
could  spend  more,  but  I  don't  think  that  is  the  end  of  the  question 
because  at  some  point  the  public  has  to  see  what  we  should  spend, 
as  opposed  to  what  we  could  spend.  Becau^  the  trutli  is,  we  could 
draw  money  from  lots  of  other  areas  than  you  are  confined  to  if  we 
knew  what  the  "should"  was. 

Now,  it  is  certainly  true  that  this  arMi  has  come  back  strongly, 
and  perhaps  it  is  at  a  rate  that  is  prudent.  But  that  still  does  not 
answer  the  question,  what  should  the  national  invratment  be? 

Now,  take,  for  example,  we  had  one  measure  of  the  "should"  ju^ 
in  in-service  training  from  the  National  Science  Board.  Is  t^t 
right?  Did  it  come  from  the  National  Science  Board?  In  1984,  the 
measure  was  $3^  million  a  year.  You  might  say,  well,  we  were 
spending  zero  in  1981,  and  we  are  spending  $46  million  there,  and 
we  could  spend  more.  Well,  you  are  d(^one  right  we  could  spend 
more.  Andf  so  what  I  am  interested  in  is  what  is  the  "should" 
number? 

Now,  S  vou  took  the  idea  that  we  should  spend— let's  iE»y,  as  I 
understand  it,  that  $350  million  was  designed  to  accomplish  what 
should  be  done  in  in-service  training  in  a  period  of  five  years.  Let's 
give  us  10  years  to  aa»>mplish  that,  and  let's  say  we  just  spend  half 
of  what  they  say  we  should  spend.  That  would  be  $175  milUon  a 
year.  And  then  ifyou  add  that  $17S  million,  the  hard  number  that 
you  have  in  SEE,  in  that  particular  education  directorate,  you 
would  come  up  with  a  budget  of  $319  million  instead  of  your  pro- 
jected budget  of  $190  million. 

What  can  you  tell  me  about  what  the  "should"  number  is  for  the 
public?  The  public  turns  to  us,  and  they  say,  "What  should  you  be 
roendin^''  And  they  would  like  us  to  have  the  ability  to  take  from 
the  mihtary  and  to  take  from  agriculture  subsidies  and  to  take 
from  whatever  else  and  meet  what  we  should  do. 

Now,  my  question  to  you  is,  what  is  the  advice?  What  should  we 
do? 

Mr.  Block.  The  answer  to  that  question  is,  you  are  going  to  get 
as  many  answers  as  you  are  going  to  ask  people.  But  in  the  uncfer- 
graduate  area  that  we  wiere  just  discussing  with  Mr.  N^le,  the  Na- 
tional Science  Board,  with  one  answer,  (^une  up  with  a  program, 
with  a  strat^c  program,  that  spelled  out  in  fair  detail  on  a  year- 
by-year  basis  what  should  be  spent. 

Let  me  recite  it.  In  year  one,  the  National  Science  Boa'tl  said  we 
should  spend  $68  million;  we  silent  $64.4  million.  Let  me  tell  you, 
that  is  in  3rear  one  that  the  National  Science  Board  had  in  mind.  It 
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was  a  year  curlier  than  ira  started^  but  that  because  of 
Gramm-Rudman  and  budgetary  constraint. 

In  year  two,  the  National  Science  Board  talked  about  $113  mil- 
Ucm;  we  are  asking  $105  million  in  the  fiscal  year  19IM)  budget  So 
the  two  are  pivUy  much  the  same.  That  is  one  view  of  world.  I 
am  eiue,  if  you  ask  the  gentleman  who  was  quoted  before,  he  has  a 
difierent  number. 

Mr.  WALorA^*  No,  but  I  would  like  your  view  of  the  world,  and  I 
would  ncA  like  the  view  

Mr.  Bloch.  That  was  what  the  National  Science  Board  was  tell- 
ing us,  and  we  are  going  down  Uiat  j^euticular  road. 

Mr.  Walgben.  All  ri^t, 

Mr.  Bixx».  In  fact,  today  there  is  a  review  of  how  we  are  spend- 
ing that  money  because  in  certain  areas  we  are  deviating  from  the 
National  Science  &)ard's  view  "^here  we  should  spend  it,  and 
that  is  a  fair  dmcussion  to  have. 

Mr.  Waurbn*  But  again,  if  the  gentleman  would  continue  to 
yield,  we  go  back  to  this  point  that  I  understand  that  the  numbers 
that  you  send  up  here  are  "could"  numbers.  They  are  numbers 
^that  you  can  do,  that  you  feel  that,  given  the  whole  range  of  limita* 
tions  that  you  fece  in  the  system,  Uiose  are  numbers  that  you  can 
do. 

But  at  some  point,  we  have  to  measure  what  we  can  do  against 
what  we  shoulcl  do.  And  I  am  just  curious,  what  vrould  you  say  we 
should  do  in  th^  years  in  the  Science  Education  and  Engineering 
Directorate? 

Mr,  BLor.n*  I  will  be  ^lad  to  give  you  that  input  foi  the  record. 
But  in  the  i^nd,  Mr.  CSiairman,  we  have  to  submit  a  budget  that  fits 
in  with  the  total  priorities  of  the  administration  and  the  executive. 
I  know  you  understand  that 

Mr*  Walorsn.  YeSt  and  you  can  have  a  lower  number.  I  mean,  I 

rather  there  would  be  a  lower  number  in  the  bud^tary  sense,  and 
can  appreciate  that, 

Mr*  Bloch.  But  we  have  strategic  plans  for  the  education  area, 
certainly,  for  the  undeigraduate  area,  for  many  of  the  science 
areas  that  talk  about  bi^r  spending  than  what  we  are  achieving 
in  our  budget  r^mest  or  in  our  appropriation. 

Mr.  Waujren.  What  are  those  strat^c  plans? 

Mr.  Bloch.  There  is  a  gap  between  our  mjuest  and  the  appro- 
priation^  as  you  know  very  well. 

Mr.  Waiorkn.  Yes,  What  are  those  strat^c  plans  that  would 
set  targets  for  spending^  aside  from  the  bud^t  submiwion  and  the 
bu^pet  request? 

B&«  Bloch.  What  are  the  strategic  plans?  I  don't  understand  the 
question.  What  do  you  mean? 

Mr.  Wauirxn.  Well,  you  just  said  that  you  had  strat^c  plans  to 
look  at  what  you  shoiud  be  spending  in  science,  if  you  could,  that 
have  different  numbers  than  can  be  supported  in  a  budget  requrat 
document.  And  I  can  understand  that.  But  what  are  those  num- 
bers? 

Mr.  Bloch.  I  cannot  quote  them  right  now,  but  we  will  be  glad  to 
make  that  available  to  you. 

Mr.  Waloren.  Can  you  give  us  a  ballpark  now?  I  mean,  there 
must  be  a  threshold  level  here.  We  are  at  $190  million.  Would  you 
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be  comfortable  with  the  $819  million,  which  is  ^sentially  one-half 
isS  the  Natiimal  Science  Boaxd's  estimate  of  what  in-servic»  teacher 
trailing  shcmld  be,  plus  the  actual  recommendations  that  you  have 
been  able  to  support  in  a  budgetary  sense  with  the  mhninistration? 

Mr.  Block.  Sure»  I  would  be  comfortable  berause  that  is  exactly 
the  point  y>re  have  nuuie  in  the  doubling  reqv2st  of  the  National 
Sdenwi  Foundation's  budget,  that  we  would-  and,  by  the  way,  SEE 
is  doubling  at  a  faster  rate  in  that  envelnpe  than  the  rest  of  the 
Foundatitm. 

^  But  I  want  t'j  warn  about  one  thing.  Dumping  money  into  areas 
from  one  day  to  the  next  is  not  a  good  idea.  We  need  to  have  pro- 
grams in  place.  They  have  to  be  built  up  in  a  considered  kind  of 
way,  and  just  throwmg  money  on  the  prc^lem  do^  not  mean  that 
that  is  useful  spending.  That  is  why  our  cautionary  approach  to  the 
increases,  and  that  is  why  we  are  not  asking  for  doubling  in  one 
year,  by  the  way. 

Mr.  Walore:4.  I  thank  the  gentleman  for  yielding. 

Mr.  Naols.  Well,  1  am  probably  going  to  cxmt  Mr.  Bell  future  em- 
ployment. (Laughter.] 

Sut  he  also  said  tmit  the  prdilem  at  NSF— and  I  am  paraphras- 
ing him  be<»use  it  was  in  r^ponse  to  a  question  rather  than  in  his 
written  testimony— I  said,  "what's  the  problem  in  NSF,  in  your 
judgment?  Why  aren't  they  more  aggr^ive  in  the  areas  of  educa- 
tion?" 

He  said  that,  basically.  NSF  regards  itself  as  a  r^arch  agency. 
They  don't  really  think  that  this  is  a  role  that  they  ought  to  have 
to  undertake.  And  you  would  respond? 

Mr.  Block.  Yes,  that  is  patently  wrong. 

Mr.  Nagle.  Patently  wrong? 

Mr.  Block.  Yes.  And  my  statement  addressed  that  problem,  that 
the  role  of  NSF  maybe  at  one  time— and  I  am  not  even  sure  of 
that,  by  the  way;  in  fpct,  the  numbers  that  the  chairman  just 
quoted  belie  that  statement— maybe  at  one  time  that  was  the  role 
of  NSF.  NSFs  role  is  not  science,  and  it  is  not  research  only.  It  is  a 
lot  of  things,  and  education  is  one  of  them.  And  we  are  taking  that 
role  very  seriously. 

The  development  of  human  r^urces  is  another  one.  We  are 
taking  that  role  very  seriously.  And  if  you  look  at  our  total  budget, 
you  see  that  those  areas  have  gotten  the  major  increases,  well 
be^nd  what  the  research  areas  have  gotten.  So  I  reject  that  kind 
of  statement. 

Mr.  Nagle.  But  I  guess  you  would  concur,  in  response  to  the 
chairman's  questions,  that  that  is  what  we  are  spending,  not  what 
we  should  be  spending. 

Mr.  BiXiCH.  No,  but  what  we  are  spending  makes  the  point  that 
we  are  focusing  on  education.  We  are  focusing  on  the  development 
of  human  resounds.  Yes,  we  are  focusing  on  rraearch,  but  not  ex- 
clusively. And  I  hope  this  Congrem  sees  us  in  a  different  l^ht  than 
in  that  very  simplistic  kind  of  approach  that  it  is  a  science  agency. 
We  are  not  a  science  agency  only.  We  are  looking  at  engineering, 
we  are  looking  at  education  in  equal  amounts. 

M-.  Nagle.  Well,  doctor,  1  am,  of  course,  a  fan  of  vpur-  d  I 
have  been  long  supportive  ui  NSF,  and  my  voting  n  „  -ci  '.  ts 
that.  My  voting  rerord  rtflt-cts  my  adherence  io  th*' 
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whkh  I  think  is  the  best  pumiit.  But  I  do  have  to  differ  with  you  a 
littie  Irit  <m  the  phibscphy  that  this  is  a  predominantly  State  re- 

I  share^  I  guess,  the  chairman's  concern  about  the  fact  that  we 
ipet  numbers  that  say  this  is  what  we  can  do  rather  than  this  is 
what  we  riiould  be  (toing^  and  I  share  his  interrat  in  those  ilgurra* 

Now  1^  me  ask  you  lubmit  the  fadlities  bill»  tiie  Roe  bill^  because 
in  acklitkm,  of  course^  to  having  more  ininestment  in  undergraduate 
educatiim.  We  also  iuve  to  have  fadlities.  And  I  noticed  that  ^e 
budfi^  does  not  requ^  any  money  under  the  Roe  bill  to  modernize 
fadUties  at  juntcnr  colle^pss  and  colleger  Is  ^t  an  example  of  the 
rommitmmt  that  N8F  has  to  undeigraduate  education? 

Mr.  Block*  I  addressed  that  question  before.  Let  me  addrew  it 
again. 

Mr*  Nagul  In  this  context? 

Mr.  Bloch.  Yes,  as  much  as  I  can. 

Loc^  first  of  all,  the  facilities  provision  of  ti^  authorization  bill 
address  research  faculties,  not  instructional  fadlities.  So  I  don't 
quite  Imow  how  that  has  a  bearing  on  the  undeigraduate  area,  but 
Irave  that  aside. 

Mr.  Nagls.  Let  me  stop  yon  right  there  and  bring  in  the  testimo- 
ny from  last  y^u*  that  indicates  that  you  have  got  a  better  chance 
of  getting  a  Ph.D.  in  math,  scmnce,  or  engineering  if  you  go  to  a 
smaller  coU^  than  if  you  go  to  the  ones  we  see  playing  football  on 
Saturday  afternoon,  because  students  at  smaller  coUi^s  get  to 
work  with  professors,  and  prof^eors  nmd  research  projects. 

Mr.  Blcxs.  That  is  why  we  have  programs  that  adaress  the  re^ 
search  in  undergraduate  institutions. 

Mr.  Naolk.  But  we  do  not  add^^  the  need  for  modernization  of 
those  facilities  by  not  asddng  f       -  money  under  the  Roe  bill. 

Sir.  Buxm.  I  will  get  to  tl  udemization  now.  No,  it  is  true; 
there  are  no  dollars  in  the  1990  request  for  facilities  modernization. 
We  have,  however,  set  in  place  what  that  autliorkation  bill  asked 
us  to  do,  namely,  to  come  up  with  a  report  by  June  30  or  June  15, 
whatever  the  date  is,  that  takes  into  consideration  what  the  provi* 
sions  of  that  authorization  act  are.  And  we  have  set  up  that  office, 
and  it  is  working  very  hard  on  that  particular  report.  And  after  we 
see  that  report,  we  are  going  forwaiti.  We  will  see  how  we  move 
forward,  and  we  will  keep  3^u  informed  on  it 

But  let  me  mention  one  thing.  The  request  for  facilities  money  is 
on  top  of  the  doubling  of  the  Foimdation  s  budfi^t,  and  that  was  ac- 
knowledged by  this  committee  when  it  put  the  numt^rs  into  this 
year's  authorization  bill.  I  just  want  to  remind  yon  of  that 

Our  request  that  we  have  in  front  of  you  is  m  line  wi^  the  dou- 
bling of  the  Foundaticm's  budget  exclusive  of  the  facilities  area. 

Mr.  Nagls.  And  let  me  remind  you  in  closing — and  I  thank  the 
chairman  for  his  generoi^ty  in  time — that  I  understand  that  you 
are  botii  an  agen^  he»i  and  also  a  me^^iger  of  the  administra- 
tion's priorities,  which  may  not  be  your  own.  But  let  me  say,  and 
address  my  comments  to  the  administration,  that  after  eight  years 
of  the  decline  of  the  technological  capabilitira  and  achievements  of 
American  high  school  students  and  imdergraduate  etudent^^  the 
fev^  that  t^-ipan  will  produce  nK)re  Ph.D.  candidates  by  a  tlurd  on 
haU  iht'  {>opulation  tnan  this  a)untry  can  with  twice  the  popute- 
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tion;  the  fact  that  half  of  our  graduate  students  at  Ph.D.  levels  are 
now  foreigr  citisMis;  and  the  dismal,  dismal  record  of  achievement 
of  math,  bv-ience,  and  engineering  students,  the  high  school  stu- 
dents of  the  United  Stat^ — not  directed  at  you  personally, 
doctor— but  I  think  the  administration  is  failing  to  recognize  that 
there  is  a  heck  of  a  crisw  in  this  area,  and  it  has  utterly  failed  with 
this  budget  to  respond  to  it. 

Mr.  Block.  Mr.  Nagle,  I  have  made  similar  comments. 

Mr.  Nagle.  See?  I  knew  we  would  agree  

Mr.  Walgr£n.  The  gentleman's  time  has  expired.  [Laughter.] 

The  gentlelady  from  Maryland,  Mrs.  Morella. 

Mrs.  Morella.  Thank  you  very  much. 

I  have  been  very  interested  in  the  fact  that  we  are  putting 
money  into  programs  and  NSF  has  increased  its  funding  in  other 
^eas,  and  yet  we  are  not  putting  money  into  people.  I  have  noticed 
the  difficulty  that  we  have  recruiting  and  retaining  in,  let's  say, 
the  National  Institutes  of  Health,  that  lost  like  41  people  to  a 
cancer  institute  of  a  uniwrsity  because  of  the  pay. 

I  know  that  NASA  is  having  difficulti«L  Are  you  having  any  dif- 
ficulties with  NSF  in  recruiting  and  retaining,  Dr.  Bloch? 

Mr.  Bloch.  Y«i,  we  do.  Let  me  give  you~we  are  in  a  slightly  dif- 
ferent situation,  but  nevertheless  equally  critical,  than  the  Nation- 
al Institutes  of  Health,  for  instance.  They  are  running  laboratories. 
We  are  not  running  laboratories.  But  we  depend  on  highly  quali- 
fied science  and  engineering  researchers  to  come  into  the  Founda- 
tion and  to  be  essentially  our  profesional  staff,  and  we  have  a 
hard  time  attracting  people  of  this  sort  because  of  the  discrei»ncy 
in  pay  between  the  academic  sector  and  the  government  sector,  not 
even  talking  about  the  industrial  i^ctor  and  the  government  sector. 

I  deplore  the  fact  that  the  salary  increase  that  was  contemplated 
for  the  SES  area  did  not  go  through,  and  I  think  that  that  is  some- 
thing that  needs  to  be  fixed  and  needs  to  be  fixed  very  quickly  be- 
aiuse  what  you  are  winding  up  with  in  the  future,  if  that  is  not 
being  addressed,  is  that  you  are  not  being  able  to  fiU  the  jobs  with 
the  right  people  with  the  right  background  and  that  you  are  solely 
then  depending  on  people  that  either  have  already  retired  and 
therefore  do  not  need  that  as  a  first  income,  or  you  are  depending 
on  junior  kinds  of  people  that  don't  have  the  experience  and  the 
wisdom  that  is  required  to  fund  our  prt^am.  So  you  are  spending 
a  lot  of  money,  and  we  should  have  the  best  people  to  do  the  par- 
ticular jobs. 

Mrs.  MoRKLLA.  Can  you  give  instances— if  not  specifically  now, 
could  you  submit  to  us  some  instances  of  areas  where  you  have  had 
difficulty  by  virtue  of  the  salary  and  the  fact  that  these  people 
would  be  frozen  in  at  a  limit  in  recruiting  or  even  retaining  if  they 
can  leave? 

Mr.  Bloch.  We  will  gladly  give  you  some  examples  of  that. 

Mrs.  Morella.  I  think  it  is  important  that  we  compile  some  of 
these  things  in  order  to  do  something  more  with  increasing  the 
SES  salaries,  which  have  teen  held  back. 

[The  information  follows:] 

The  following  examples  demonstrate  the  djfilculty  encountered  by  NSF  in  at- 
^^>^  retaining  senior  scientist  and  engineers.  The  divisions  of  Chemistry 
and  Matenate  Research  operated  with  acting  division  directors  for  several  months. 


ERIC 


614 

The  |>re¥ious  incumbents  of  thorns  pamU{His--both  limg-term  NSF  employees^-tnoved 
to  senior  ^Iministrative  positiona  at  universities,  with  salaries  well  in  excess  erf  $100 
thousand  a  year.  The  Affiifitant  Director  for  Mathematica]  and  Physk^  Sciences 
has  recently  eixeptcd  the  position  erf  Executive  Officer  at  the  AAAS,  and  press  re- 
jpxis  of  his  salary  suggest  that  it  exceed»  even  the  salary  he  would  have  received 
had  tl^  proposed  SGS  salary  increases  taken  effect  The  pro^iect  of  r^adns  him  is 
an  daunting  one,  made  more  difUcuIt  by  the  maximum  salary  level  of  l80,m 

Mrs.  MoREUA.  Right  now,  what  are  you  doing?  You  said  some^ 
thing  about  mi^^thift.  How  are  you  handling  it  now? 

Mr.  Bloch.  Well,  we  are  handling  it  today  by,  first  of  all,  where 
the  search  for  people  takes  more  tune,  so  in  many  areas  we  have 
openings  that  we  cannot  fill  for  seven  months  or  a  year.  And  that 
is  not  good  either,  by  the  way,  because  these  are  division  directors' 
jobs,  for  instance*  And  having  an  opening  for  a  year  is  not  very 
hdpful.  We  have  had  seven  months  and  twelve  months,  respective- 
Ijp,  on  two  openings  that  we  had,  one  in  chemistry  and  one  in  mate- 
rials science. 

Secondly,  we  also  raet-sluu^  many  times  on  a  rotating  kind  of 
Imsis,  bringing  people  into  the  Foundation;  and,  the  sending  insti- 
tution, a  university  most  of  the  time,  is  paying  i»rt  of  the  wwt  of 
the  salary.  You  can  orHy  do  that  so  often,  and  you  can  only  do  it 
with  certain  universities.  Or  again,  you  have  not  equal  access  to  all 
the  candidates  that  you  should  have. 

That  is  one  way  of  helping  ourselves*  Even  there,  we  are  limited, 
by  the  way,  hccsiiHC  we  have  a  cap  of  $95,000  on  top  of  that,  when 
a  lot  of  t^^  salary  out  in  the  universities  is  $105,000,  $110,000,  and 
$120,000.  So  we  cannot  even  attract  enough  of  ^e  people  b^use 
of  that  cap  limitation  that  we  have  on  IPAs. 

Mrs.  MoR£UA.  Your  si^estions,  then,  to  Congress  would  b?  

Mr.  Bloch.  My  suggMtion  is  very  simple.  Go  divorce  congression- 
al salaries  from  everything  else  and  focus  with  the  salaries  on  the 
SES  and  non-SES  cate^ries.  And  make  it  more  akin  to  what  you 
have  to  pay  for  in  the  marketplace.  Today  we  are  under,  1  will  say, 
by  60  perwnt.  That  is  a  big  discrei^mcy. 

Mrs.  MoRSLLA,  I  think  we  have  got  to  educate  Members  of  Con- 
grew  that  we  cannot  live  by  the  adage  that  government  gpvems 
best  that  jmys  least,  [Laughter.] 

I  think  they  have  to  know  that.  I  am  trying  to  do  that,  and  I  am 
getting  examples  that  frighten  me  in  terms  of  the  desperation  of 
the  situation. 

Mr,  BuKiH,  Look,  we  are  spending  close  to  $2  billion.  Let  me  take 
one  example.  In  one  directorate,  we  are  spending  $500  million.  We 
have  a  cap  on  the  salary  of  ttie  assistant  director  who  runs  that 
directorate,  which  is  $80,000,  give  or  take  a  few  dollars. 

For  something  like  that,  a  $600  million  enterprise  in  industry, 
you  would  get  $200,000  on  a  going  rate.  That  individual  has  to  be  a 
good  manager.  He  has  to  be  a  good  scientist.  He  has  to  have  knowl- 
edge of  scientific  areas  that  span  a  bn^  range  of  topics  from  as- 
tronomy to  materials  science,  and  so  forth,  and  I  don't  think  we 
should  run  it  with  a  iunior  engineer  in  there.  Not  that  the  individ- 
ual is;  I  don't  mean  that.  [Laughter.] 

But  ttiat  is  the  problem  we  are  up  against, 

Bv  the  way,  he  is  leaving  and  is  going  to  greener  fields,  [Laugh- 
ter.] 

Mrs.  MoRELLA.  There  you  go. 
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Mr.  Chairman,  is  it  all  right,  if  !>/.  Bloch  wants  to  put  anything 
else  into  the  record  attendant  to  that,  that  he  be  allowed  to  do  so? 

Mr.  Naglk  fassuming  chair].  Without  objection,  it  shall  be  so  or- 
dered. 

Mrs.  MoREUA.  Great  Thank  you. 
rrhe  information  follows:] 
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The  following  charts  display  the  salaries  at  major  research 
universities  and  industry.     The  university  figures  represent  full 
y^ar,  full  professor  salaries  at  institutions  with  more  the  $30 
slllion  per  year  in  Federal  Research  and  Development  funds-  The 
industry  salaries  represent  Ph,D  scientist  and  engineers  by 
field. 

University  Salaries 

Pu^li^  Private 

Bioscience                       $  75,107  S  87, 87^ 

Computer  Science                92,109  107,768 

Mathematics                          76,153  89,099 

Engineering                        87,065  101,866 

Physical  Science                78,000  91,260 


Air,  Earth,  Marine 

Chemistry 

Physics 

Biological  Science 
Mathematics 
Computer  Science 
Electrical  Eng 
Mechanical  Eng 


Industry  Salaries 


Averaije 

73,656 

81, 180 

81,048 

81,972 

76,164 

81,444 

82,500 

78,672 


90th 
Percentile 
$  987736 
101, 376 
104,016 
118,800 
92,928 
115,028 
104, 544 
97, 416 


Despite  this  growing  salary  problem  we  have  used  a  variety  of 
approaches  to  attract  capable  scitintlsts  and  engineers. 

o    Senior  individuals  are  available  to  us,   for  ejtatnple,  when 
they  reach  retirement  age  and  their  government  salary  is 
a  supplement  to  their  retirement  income - 

o    Senior  individuals  are  also  available  to  us  by  using  the 
IPA  authority,   though  we  are  now  restricted  from  con- 
tributing more  than  $95,000  to  their  salary  from  govern- 
ment lux:idK, 

o    On  rare  occasions  wo  can  recruit  senior  people  from  in- 
dustry on  a  totally  volunteer  basis* 

o    And  individuals  are  available  to  us,   as  I  mentioned,  if 
they  are  willing  to  take  a  pay  cut  in  order  to  fulfill  a 
public  st^rvice  objective. 
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Mrs.  MoRfiXXA,  Mr.  Chairman,  I  would  like  to  ask  Dr.  Bloch  just 
one  other  thing  if  he  has  an  answer  at  this  point.  How  are  your 
prmErams— I  know  you  have,  I  think,  six  new  pn^iuns  that  deal 
with  excellence  for  minorities  in  science  and  engin^^ering,  I  am 
very  concerned  that  we  have  not  been  attracting  early  enuugh  mi- 
norities, and  I  put  women  into  that  eatery  because  i  think  there 
is  a  real  need  for  women  to  be  involved. 

I  know  you  have  a  lot  of  programs.  I  looked  through  all  this  ma- 
terial here.  But  I  think  those  programs,  whatever  it  is  called— Ex- 
cellence in  Education  for  Minoriti«~I  am  wondering  if  you  can 

Sve  us  any  gauge  of  whether  any  of  th^  pn^ams  are  working. 
0  we  have  anything  that  shows  that  they  are  working? 
Mr.  Bloch^  Well,  the^  programs  have  been  put  in  place  over  the 
last  3,  4  years.  They  all  are  oeing  monitored  very  thoroughly.  We 
have  evaluation  criteria  that  go  with  thero  programs.  We  can  show 
you  some  and  be  glad  to  supply  some  statistics  on  it,  how  many 
people  participate  and  what  has  happened  to  the  people  after^ 
wards. 

It  is  a  limited  time  horizon,  I  want  to  say.  We  need  a  longer  time 
horizon.  So  we  are  very  concerned  not  just  to  put  pn^ams  in 
place  but  also  to  put  some  evaluation  criteria  in  place.  All  of  our 
pre-coU^  programs  that  have  been  discussed  this  morning  have 
these  evaluation  criteria  in  place,  and  we  would  be  glad  to  supply 
you  with  some  insights, 

Mrs.  MoRELLA.  I  would  very  much  like  to  see  any  of  the  evalua- 
tion materials  that  you  may  have  and,  also,  you  were  going  to 
expand— any  of  your  centers  where  you  have  the  town,  the  busi- 
ness community  working  with  the  school  systems,  working  with  the 
universities,  and  you  have  some  programs  like  that,  are  you  going 
to  put  any  of  them  in  other  areas,  like  around  the  Washington, 
D.C.,  area?  [Laughter.] 

Mr.  Bloch.  Well,  we  have  some  there. 

Mrs.  MoRELU^.  You  have  one  at  Howard,  I  think.  But  do  you 
have  anything  

Mr.  Bix>CH.  We  have  one  in  Howard,  yes.  We  have  an  Engineer- 
ing Research  Center  at  University  of  Maryland  in  College  Park. 

Mr.  Nagle.  I  think  what  she  is  asking  is,  do  yon  have  any  plans 
to  put  one  in  a  specific  congressional  district  of  Maryland?  [Laugh- 
ter.] 

Mr.  Bloch.  Mrs.  Morella  has  to  be  more  precise. 

Mrs.  MoKELLA.  We  could  supply  that.  But  you  are  planning  to 
expand,  though,  in  general? 

Mr.  Bloch.  Well,  y^,  we  are  going  to  expand  a  number  of  these 
programs,  The  Science  and  Technology  Centers  program  is  expand- 
mg;  the  Engineering  R^arch  Center  prc^am  is  expanding;  the 
Industry-University  Center  program  is  expanding,  also.  There  are 
about  50  of  thc»e  right  now  going  up,  some  of  them  falling  out  be- 
caiise  their  time  frame  has  expired.  But  they  are  stand-alone,  and 
they  are  on  their  own,  and  they  are  doing  pretty  v^elL  The  answer 
is  ves. 

Mrs.  Morella.  I  thank  you.  I  want  you  to  know  that  NSF  has  a 
very  hish-quality  reputation  in  the  circles  in  which  I  travel,  and  I 
appreciate  what  you  have  done  to  make  that  possible,  and  all  of 
the  others  who  are  here. 
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Mr*  Chairman,  I  want  the  rerord  to  show  that  you  have  been  an 
eromplary  chairman.  [Laughter.] 
Hiank  you. 

Mr*  Nagls.  Mr.  Bell  dissents.  [Laughter.] 

Let  me  ask  you  a  question  for  the  record,  if  I  This  is  not  for 
Mr.BeU. 

The  quration  the  committee  has  a^ed  me  to  ask  is:  Would  you 
review  the  NSF  plans  regarding  replacement  of  the  radiotelracope 
at  Green  Bank,  Vfmt  Viiginia?  Where  does  replacement  of  this  tel- 
racope  rank  relative  to  the  other  proposed  new  faciliti^  for  astron- 
omy? 

Mr.  Bloch.  Let  me  step  back  for  a  minute  and  gi^  you  the  histo- 
ry of  what  went  on  there. 

We  had  a  telescope  in  place  in  Green  Bank,  W^t  Virginia. 
Green  Bank,  West  Virginia,  is  a  site  that  was  established  many 
years  ago,  30  years  ego  or  thereabouts.  It  is  a  very  special  kind  of 
site  be<^use  the  environment  for  it  has  been  protected  inasmuch  as 
it  is  a  radio-free  kind  of  zone,  about  the  only  one  that  probably 
exists.  I  am  not  absolutely  sure  on  that 

There  were  two  radiotelesropes  that  were  in  place  there*  One  of 
them  collapsed  last  December,  completely  destroyed.  We  don't 
know  the  reason  why  yet;  we  are  koking  at  that. 

The  obvious  question  that  c^me  up  right  away  was:  What  do  we 
do  with  this  particular  site,  because  it  is  a  very  important  site?  It 
has  very  good  infrastructure  in  terms  of  shoj^  in  terms  of  people, 
in  terms  of  facilities  in  general.  And  with  the  coUai^  of  that  tele- 
scope, the  site  is  somewhat  crippled.  There  is  still  the  other  tele- 
scope there,  and  there  is  a  Navy  installation,  also,  there. 

So  we  looked  at  potential  replacement  ideas.  One  that  was  dis- 
cussed and  has  been  in  the  meantime  fleshed  out  is  a  radiotel^ 
cope  of  a  different  design  than  the  one  that  collapsed,  because  25 
years  have  gone  by  and  technolc^  has  moved  on.  And  we  have 
looked  at  that  particular  approach  and  that  particular  design  to 
Bee  what  it  could  yield. 

It  is  a  good  approach  to  life.  It  is  a  modern  telesrope.  It  improves 
the  senmtivity.  It  brraidens  the  application  range.  It  usra  new  mate- 
rials, new  panels,  and  so  forth. 

In  the  pnx^^  of  looking  tiirough  the  Green  Bank  issue,  we  also 
found  that  it  was  a  site  that  was  considered  a  few  weeks  before — 
alrrady  before  the  cx)llai»e,  for  a  gravity  wave  detector  program, 
which  is  not  funded,  I  should  tell  you,  in  the  1990  pn^am  but 
which  has  gone  through  a  lot  of  peer  review— which  has  gone 
through  the  review  of  the  National  Science  Board  and  will  be  in 
one  of  our  budgets  either  in  1991  or  in  1^2. 

And  so  we  are  looking— we  have  been  looking  at  both  of  these 
approaches  for  tJie  u£^  of  that  imrticular  site.  That  is  about  where 
it  stands  right  now.  We  have  had  a  number  of  conversations  with 
interested  parties  from  the  State  in  it.  Senator  Bsnrd  and  Senator 
Rockefieller  have  been  involved  In  it,  and  we  are  continuing  that 
dimnission,  obviously. 


Tfm  Green  Bank  telescope  collapeed  on  November  1S»  1^. 
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But  both  of  th^  proposals  have  been  looked  at,  but  the  funding 
for  either  of  the  two  is  not  in  the  1990  bud^. 

Mr.  Nagls.  Let  me  ask  you  just  before  we  leave,  because  I  have 
been  doing  some  work  independent  of  this  committee  on  the  whole 
question  of  Federal  salaries,  and  I  was  struck  by  your  comments  on 
page  12  of  your  testimony  regarding  the  problems  you  are  having 
in  retention  of  qualified  personnel  because  of  salary  caps. 

You  may  have  already  talked  about  this;  but,  if  you  have  not, 
could  you  address  the  question,  have  there  been  any  recommenda- 
tions witiiin  your  agency  for  a  reform  program  to  addre^  both  the 
question  of  salary  equity  but  also  salary  reform  to  enable  you  to 
compete  in  the  private  sector? 

Mr.  Bloch.  We  have  not  had  any  specific  proposals,  no.  We  have 
been  working  with  other  people  in  the  government  and  with  the 
VoUrer  Commission  when  the  Volker  Commission  was  active.  We 
gave  them  some  of  our  information,  some  of  our  problem  areas,  but 
we  have  not  come  forward,  ourselves,  with  a  reform  proptMtal  for 
salaries. 

Mr,  Nagle.  Well,  I  would  be  interested,  if  you  want  to,  I  would 
be  interested  per^nally— and  I  think  the  committee  would  be, 
too — in  any  spedHc  recommendations  or  areas  of  exploration 
where  we  could  get  to  the  question  of  salaries  and  reform,  because 
I  can  appreciate  the  dilemma  that  the  agency  has  in  terms  of  re- 
tention. 

Mr.  BiiOCH.  We  will  be  glad  to  do  that. 

Mr.  Nagls.  Now,  I  would  like  to  ask  you  to  submit  for  the  record 
the  NSF  initial  budget  request  to  0MB  for  fiscal  year  1990. 

Mr.  Bloch.  Our  original  request  to  0MB  was  $50  million  higher 
than  what  you  see  in  front  of  you,  the  bottom  line. 

Mr.  Nagle.  The  committee  would  like  to  ask  you  to  submit  the 
specific  budget  request  to  0MB  for  1990,  the  specific  document  as 
well  as  the  divisions  and  subdivisions. 

Mr.  Bloch.  We  will  submit  to  you  the  detail  of  the  budget  that 
we  requested. 

Mr.  Nagi^  I  want  to  be  very  precise  on  this.  Dr.  Bloch.  We  want 
the  specific  documents  that  you  submitted  to  0MB,  your  budget  re- 
qurat  for  1990.  Is  there  a  problem  in  giving  us  that  material? 

Mr.  Bloch.  Let  me  take  that  under  advisement. 

Mr.  Nagle.  We  normally  request  that  from  other  agencies.  I 
mean,  it  is  not  

Mr.  Bloch.  Well,  that  is  why— I  have  never  been  requested  that. 
We  always  have  been  asked  that  we  supply  the  numbers,  which  we 
have  done. 

Mr.  Nagle.  I  think  I  am  going  to  the  chairman's  inquiry  of  not 
what  can  we  spend  but  what  should  we  be  spending,  from  your  as- 
se^ment,  unpurified  by  0MB  and  their  budget  constraints  and 
their  different  priorities.  We  would  like  the  pure  document.  We 
may  be  able  to  be  of  some  help  and  we  may  not.  But  we  cannot  if 
we  don't  have  the  numbers. 

Mr.  Bloch.  Well,  J  have  no  problem  with  supplying  the  numters, 
but  let  me  take  the  rest  under  advisement, 

[The  information  follows:] 
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The  following  table  submitted  to  OMB  dlBplays  the  National 
Sclonce  Foundatio.i'©  budget  request  for  FY  1990: 


nemt  or  rr  i»»o  smir  tr  wwnimm 

IMlUlvn*  f  PmlUtmi 


iMmUx  BtMamM   N«.«C  Mt.H 

fMl«SM  »lMCtmM  »  

Uatia  ■imim  sHtf  aiHiMrn   M.M  ».n 

IvhBvtml  mmt  Mora)   

■KJil  M«  BMWic  tvlma   H.lt^  M.H 

twiiyiMii^Wti^  mmt  latpwrmn   >i'W 

fM«l    tt».»»  t*i,71 

CWM«r  MA  |»Nn»tS«R  arfiw  and  ^lii«*rli« 

finipvtM  •otf  CWtftMI«»  ltoM#tcl«   t«.M  n.i9 

mfraatlvn.  M>tlcii       |H«U1«m<iI  MI«im   n.Jl  If 

neratlacttaiitc  liifMwttaii  yj«c«Mi««  «|«ms....<.  

MKmM  ic»Mt«nv  cwmtaf   M.M  M.tC 

m«Mtlat  mm*  Vm^mmtmUwrn  — wrch  And  lAf rMirBCtvi*.  XI. IS 

Ciiw  imWiJwry  tetliPlito*  «  .A  .'"  ? 

iMi  cm   iW'W 

awMoS.  MacMfiiiS.  •»«  gw^^main^Joa   W.w  «.k 

ttKllMllCII,  SiMittlW.  ^ffd  HviVEUl*  i>i«lfWMif4   '^-^ 

m^u^  umt^wAmBntmt.   »ai  ft.ii 

CiM-MKlp)itMcy  hnmr^  

fM«i  wm   i«,«V~  W.H 

•fis  nil  I                                                       M.SJ  iM.ii 

  M.ff 

 ,  

MUv  «MMn*  r««ftiP  J  •  i».M 

«M«1  so  • 

MUMttMl  l€l«MM   f'.t'' 

MiwwiImS  Pelvmt   •!  Sf 

ffkirvic*  

OMlstiy   Nl.f*  ft.J7 

»t«z»«ls  IM4ic»   n».i? 

SMI  

iclcoa*  «na  TMtaiMaQf  ai>«iTt»  CMMif  

»ciMttSftc.  1*c«mo4«ftc»]  •««  S«i«n»tl<MMS  Afl«lr» 

Sik*tiitfial  and  9»eMwlgQlc«)  lww¥»tJo»>   Jl-J* 

Mtcy  iMMKii  Md  AMir«««   si; 

actWICT  HiWHiW  ttwdi—    J.»J 

ftomrcD  »A*tUii«»  a#         ii  nwj  • 

IMA}  sn*   M.H 

riBfYw  0«w2 wnt  Mtf  MiwvwMt   M'M  fS.ftft 

MM*«ik  mm  itouud   s<«m.is 


•ft.t* 


1ft. M 


It.  to 

It.  OS 
M.tt 

Z7.it 
lt,«« 

fl.M 
«J.M 


)«ft.&7 


23*. ft 


Kt.^l 


ai.fii 
«.»] 

19. M 


f9.ff 


•I.H 
VI. W 

O.i? 


M.Tf 
Sl.l] 
It. II 

ft. If 
f}|.M 


110. M 
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1M.3» 
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«.fl5 

c.n 
ai.M 


iW.f* 
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fft.te 
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ti.K 
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Mr.  Nagle.  Let  me  thank  you  for  coining,  for  your  testimony 
again.  It  is  good  to  ^  you  again. 
Hiis  hearing  will  stand  adiioumed. 
Mr.  BvocH.  Thank  you. 

[Whereupon,  at  12:22  p.m.,  the  subcommittee  recessed,  to  recon- 
vene at  Uie  call  of  the  Chair.] 
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u  s  HCH^i  Of  mpmim»ims 

COMMITTEE  ON  SCIENCE.  SPACE. 
AND  TECHNOLOGY 
ivrri  3sai  iuybum  ttokfu  omct  wuMmo 


NtikMl  Socnce  H»uidflu»n 

Oi  MialTfir  the  Subcwirnintce  «n  SKtcni^t.  Re*<at\;h  and  Techw^y,  jhiak  you  fat  your 

the  licninf  icvcfal  members  requested  addiitonal  infofmatton.  Inordertocois^lnr  ti« 
healing  nsconi,  we  wwW  apprtciaie  rrceivrnf  ytnjr  responses  m  the  foik^winf: 

1.    Wte  is  NSF'i  Mhmatt,  assuming  mi  hudfitiaiy  rwmctiont,  for  ibt  cp^taam  fomfiof 
tcwd»  to  KhiryT  Jhc  maximum  cficcfivencis  m  eacD  of  the  tmj/Of  mtxvi^  d!  the 
Scieaoe  vid  Engmecnng  Edi^jfinn  Z>ifrctoraic  {SEE)?  Pleaff  imUcate  die  time  Kide 
■uodaitd  wiih  »cfi»cvmg  major  goals  in  each  activity,  for  eiumple,  for  the  ia-se*vioe 
ttacbcr  ininins  ini niutci,  the  mmiber  of  teachers  w}i^  would  oaim^ie  to  » fixed 

Z    Wlutt  wtK  the  budget  leqwf  i  kvtls  for  each  of  NSF*s  pnmim  thit  NSF  ocWnaJIy 
tens  ID  OMB  for  the  FY  1990  budget^ 

3.    In  imonse  lo  »  qiKsiion  from  Mr  Wdpc  cwrcrming  ihe  mag niiwie  of  the  inawjc  in 
die  FY  1990  htid^t  fo^  SEE  ptvc4>itege  programt  relative  to  other  SEE  progmim,  you 
nmS  ttm  die  decision  to  tnotase  the  pnecotle^  progrsms  by  $%  took  inm 
considfcntiDn  die  pii:ct^kRe  sderoc  snd  math  effon*  m  the  Dcpinmeni  «rf  Edi«aii<») 
Cas  yott  pletse  elaborate  on  the  propmed  DepamnefU  of  Education  prognum  in 
pracoQ^  acime  and  math  education  which  ovetJap  or  ccwnplement  the  NSF 
(anpgnuni? 
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Mr.EikhBloch 
Maicti  2U  m9 
P*gt2 


4«    Pleiie  oiaBfic  NSF's  ap^Ibtt  nevtew  pmcest^  for  protests  arising  from  the  results  of 
the  mcrii  review  prtxc-^s 

5.  Mr.  BnKe  Manheitu  o2  ttrc  Hnv  iron  mental  Defend  Fund  tesnftcd  befme  our 
SubcommiiM  thai  ihc  NSF%  Safety.  Envimnmcni  and  Health  Inittaifvc  in  Antmtttca 
faiU  to  nmt  existing  or  pniipiosed  imcmaiionai  sundoids  f€^  n»iucing  pollution  (vam 
nescarch  baics,  pitvcmmg  impacts  tu  Antanrric  wskiiifc  and  prpicct^  areas,  and 

asicssing  and  nwniiorini;  orenvironnH'nial  impact*.  His  icstimony  addressed  eight 
diflierent  areas  in  which   SF's  progrym  was  lacking.  We  would  like  to  receive  NSFs 
re^on$e  to  h:s  ic^umt^ny.  ndilnrssmg  !he  NSF  initiative  in  each  of  ihe  eight  areas  he 
outlsned 

6,  What  data  are  available  for  cv;ilu;!!it\g  f  hi-  succv^^  of  NSF's  programs  for  aitntcting 
wwnen  and  mint^rincs  U)  c.ia'crs  m  st  icmc  and  engineering?  To  what  extent  is  NSF 
duplicating  its  sucvT>sfu}  mi  Hie)  proiirams  in  <Mhcr  places? 

I  appreciate  yuur aiTcmior.  lo  n^s  rv^ucM  y^nn  rvplv  uili  be  included  in  ihe  printed 
hearing  recc;^. 


DOUG  W^LGRKN,  Chairnun 
Subcommiitcc  on  Sciena*, 
Re^arch  and  Ttrfhnolo|',y 
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NATIONAL   f»C.lfNCl    f  OUTSiHAT  (ON 


Honorable  Doug  Wolgrnn 
Chairman 

SuUcomal ttoD  on  Scionc^i,  R«tB04)rch 

and  Technology 
Committee  on  Selene©.  Space^, 

and  Technology 
House  of  Rciprcisentativc^s 
Washington.  DC  20515 

Dear  Mr.  Walgzen: 

Thank  you  for  tho  oppt>rtunity  to  tftstify  on  nsK  programs  ami 
priorities  on  March  3  6.     EncXOBod  ploaiui  find  rtisponsc^fi  to 
th0  questions  you  sent  me  on  March  21.     I  hope  you  find  thin 
fiiaterisl  to  be  informatlvts,     should  you  deslro  any  additional 
information,  plea»tft  do  not  hesitate  to  contact  inp. 

Thank  you  age in  for  th«  opportunity  to  appp«r  beforo  youT 
Subcomnti  ttf^e  to  Uinruwe  our  propOBolw  lor  FY  19Q0. 


Kncloj^urc*     Hospouues  to  quctstions  ftom  Sclent'**,   HofitMrch  and 
Technology  Hearing, 


Sinrertsly, 


Erich  Biol 
Director 


cc:  Honorable  Sherwood  Soehlcit 
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^^^^^sIStIJ™  by  DOUG  WALGREN 

}f!!^^-^P  A^JL^^^jm^l^^M  iKsr)  author uAf ion  hear ing 

March  16,  19Bg  ^  ^ 

Question:    what  la  NSF's  ©stlsmte,  assuailng  no  budgetary 
nvtrictiona,  for  tho  optimum  funding  levels  to  achieve  tho 
maxii9u»  cffectiveneBS  in  each  of  the  major  activities  of  the 
Science  and  Engineering  Fflucatlon  Directorate  (SEE)?  Pieese 

^""^^^  associated  with  achieving  major  goals  in 
each  activity    for  example,  for  the  in-service  teacher  training 
Institutes    the  nuraber  of  teachers  who  would  participate  in  a 
fiiea  poriod  of  time. 

Anawer:      Assuming  no  budgetary  restrictions,  an  annual  fundinq 
level  of  about  8600  million  would  be  adequate  for  SEE  activities 
This  amount  would  bo  divided  among  the  major  activities  as 

'"fP^??         precollege  programs,  S200  million  for 
undergraduate  activities,  and  $100  million  for  graduate-level 
support • 

r^®^^^^®  programming,  based  in  part  on  tho  recommendations 
Jchlwe^"^"^^^      *  ^^^^^'^^^^^^  report,  will 

o       curriculum  development  for  precollege  science  and 

mathematics; 
o       in-service  teacher  institutes; 
o       pre-service  teacher  preparation; 

o       informal  eclonce  education  in  the  form  of  -Jucatlonal 
television  and  radio,  muaaums,  aquariums,  and  other 
non-school  learning  environments; 

o       effective  use  of  advanced  technology  in  education 

undergraduate  programs,  based  In  part  on  the  1986  National 
science  Board  report  and  on  the  1988  UnJergraduate  Planning 
Wcrkahops*  will  support: 

o  instrumentation 

o       laboratory  deve.To{»&ant 

o       faculty  profess-ionel  enhancement 

o       course  &  curriculum  development 

o       comprehensive  improvement  projects 

o       undergraduate  research  participation 

o       minority  institution  programs  to  increase  the 

participation  of  minorities  in  science,  math,  and 

engineering. 

Graduate  programming  win  achieve: 

o       doubling  the  number  of  NSF  Graduate  Fellows  as  provided 
in  the  Fellowship  Management  Plan; 


irapiementatlon  of  a  NSF  Traineeship  Program, 
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QuMtim:  What  w«ra  the  budget  request  levels  for  each  ^£  nsf's 
progrfijM  that  NSF  originally  sent  to  cms  for  the  FY  iV90  budget? 

Ansimr:    The  fol losing  table  sutaltted  to  tms  displays  the  NSF 
budget  request  for  FY  1990: 
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Ouestlon:    in  response  to  a      nation  frcw  Mr.  WnXpo  concerning 
tfta  magiaitude  of  the  increase   in  the  FY  1990  budget  for  SEE 
precollege  nrograms  relative  to  other  SEE  programs,  you  stated 
that  th©  decision  to  Increase  the  procoiiege  programs  by  8%  took 
into  consideration  the  precollege  science  and  math  efforts  in  the 
Department  of  Education.    Can  you  pieaee  elaborate  on  the 
proposed  Department  of  Education  programs  in  precollege  science 
ana  matn  education  which  overlap  or  cc^pXement  the  NSF  programs? 

Answers     The  primary  source  of  Department  of  Education  funding 
IZZ  l^^^^^^  education  at  the  precollege  level  is  through 

1?$^^^™'"'®^  Act  (ECIA  Title  II).     The  Department  has  requested 
9142  miiiicm  for  this  program  in  FY  1990;    $132.8  million  would 
be  direct  grants  to  the  states,  and  S9.2  million  would  be 
discretionary  funds  for  national  programs.     In  FY  i989  the 
Dspartae-.t  plans  to  use  $6  million  of  these  discretionary  funds 
to  support    model  secondary  schools"  and  $3  million  will  be  used 
for  open  corapetltion  among  programs  for  teacher  traininq  or 
development .  ^ 

w/k^*^^®^^®^^       Education  supports  several  other  programs 
^WZt  P^college  science  and  mathematics  cc»i^ponentB 

although  the  programs  are  not  limited  to  nor  earmarked  for 
53cience  and  mathematics.     These  programs  include: 

secretary's  Fund  for  Innovation  in  Education,. .  S15.7M 
Fund  for  the  Improvement  and  Reform  of 

Schools  and  Teaching                                      _  ^  5  9yi 

Magnet  School  Assistance..  ///..III/.  ll^lm 

In  addition.  President  Bush  released  his  ''Educational 

^^""^^  ^'  ^9^^'  ^^^^^  proposed  a  number 
of  now  mitlativas  in  the  Department  of  Education  directed  at 
precollege  education: 

-  Rewarding  schools  whose  students  demonstrate  substantial 
educational  progress; 

"  Recognizing  superior  teachers  by  establishing  a 
President's  Awf    '  for  Exc«llence  in  Education; 

-  Establishing      National  Science  Scholars  Program; 

-  Providing  add.    lonal  funding  for  magnet  schools; 

-  Making  grants  to  states  and  school  districts  to  develoo 
alternative  certification  systems; 

-  Making  Drug  Free  Urban  Emergency  Grants  to  urban  school 
systems  witn  the  most  severe  drug  abuse  problems. 

-  Eicpsnding  experimental  programs  in  educational  innovation 
and  data  collection: 

-  Endowing  Historically  Black  Colleges  and  Universities- 

-  Improving  accountability  in  education. 
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QueBtlon:    Mr.  Bruce  Mmhelm  of  the  E^vironmontal  Defensi.  Fund 
taati^ied  before  our  SubcoMittTO  that  the  NSF's  Safety, 
Rnylronment  and  Health  initiative  in  Antarctica  fails  to  meet 
existing  or  pressed  international  standarda  for  reducing 

reeearch  baaes.  preventing  impacts  to  Antarctica 
w^ioixxe  ana  protected  areas^  and  assessing  and  eonitoring  of 
envircMimental  iaqpacts.    His  tostioony  addresasd  eight  different 
areas  in  %^ich  KSF's  program  was  lacking.    Ne  would  like  to 
receive  NSF'b  reapo^e  to  his  test  irony,  addressing  the  NSF 
Initiative  in  each  of  the  eight  areas  he  outlined, 

Answer:  The  Environmental  Defense  Fund  testimony  contains  a 
nuaber  of  inaccuracies.  For  example,  edf's  testimony  charges 
^  JS^®'^®         Mcmirdo  Station  are  more  heavily  polluted  in 

fi®T?L''L^  ^"""^^^  ^^'^'^  virtually  all  estuaries  and  bays  in  the 
United  states.    This  is  not  correct. 

^?^£?*^^I^®®  environmental  awaranessi  in  the  United  states  and 
within  the  Antarctic  Treaty  System  has  Increased.  NSF  has  taken  a 
number  of  steps  to  improve  environmental  practices  at  its 
antarctic  stations. 

o  In  the  early  1980s  at  McMurdo  Station,  di«iping  of  trash  and 
scrap  at  the  edge  of  Winter  Quarters  Bay  was  stopped  and  in 
^r^K^^^*"  Significant  effort  has  been  devoted  to  cleanup 
of  that  area  and  the  station  as  a  whole. 

°       pI?«?^!?!^''\^^^!  ^  announcement  and  sumary,  "Environmantal 
^K^^  ^  Antarctic  Program"  was  published  m 

SSics^^"    Register  for  comment.     It  covered  the  following 

Planning  for  environmental  management, 

legal  review  of  responsibilities, 

environmental  asses^Bents  and  impact  studies, 

environmental  awareness,  and  en 

update  of  facilities  and  logistics  plan  with  an 

emphasis  on  environmental  consideration, 

^       ^iH?if ^^^^  actions  in  Antarctica  this  past  season,  in 
addition  to  the  Winter  Quarter  Bay  clean  up  included: 
~       cassation  of  ocean  dumping, 

extensive  retrograde  of  metal  scrap,  old  vehicles 
construction  material,  batteries,  tires,  and  other 
waste  products  to  the  U.S,; 

general  site  cleanup  facilitated  by  introduction  of 
strategically  placed  dumpsters,  and  an 
underwater  survey  and  sampling  of  McMurdo's  marine 
environs  results  of  which  are  expected  shortly. 

o       The  FY  1990  Budget  Included  810  million  for  the  first  year 
of  a  five-year  Safety,  Environment  and  Health  (SEH) 
initiative.      Of  this  amount  about  $5  million  is  earmarked 
for  environmental  activities  for  which  about  $30  million  is 
planned,  mainly  in  the  first  three  years  of  the  initiative 
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These  funds  will  used  for  studies,  procurement^ 
construction,  etc.  related  to  the  folioi^ing  topics: 
wastewater  treatment  and  outfalls, 
solid  waste  isiniiiiization  and  disposition^ 
inc  ineratora  ^ 

environisental  Hionltoring^  and 

other  activities  determined  to  be  of  high  priority* 

The  Foundations' 8  Division  of  Polar  Programs  plans  to  hire 
shortly  a  Safety  Enviromiental  and  Health  Officer,  who  will 
have  environmental  oversight  as  a  key  responsibility. 

On  February  7,  19B9  the  NSF  Director  and  staff  met  with 
representatives  of  environmental  groups  concerning  the 
environmental  part  of  the  SEK  initiative  and  means  for 
implementing  it.     There  was  unanimous  support  for  the 
initiative,  though  some  thought  additional  actions  were 
needed  too. 

During  the  next  year,  NSF  will  participate  in  the 
development  of  a  new  waste  handling  code  for  Consultative 
Parties  to  Antarctic  TrSotv.  continue  to  work  on  pollution 
control  at  United  States  Stations,  cc^plete  its  review  of 
NSF's  compliance  with  environmental  legal  standards,  and 
revise  its  Environmental  Protection  Agenda  in  response  to 
what  has  been  learned  through  these  and  other  efforts. 
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Question;  Please  outline  NSF's  appellate  review  process  for 
protests  arising  from  the  results  of  the  merit  review  process • 

Answer:  Avard  of  NSF  assistance  is  discretionary. 

Nonetheless,  it  is  the  policy  of  the  Foundation  that  an  applicant 
whoss  proposal  has  been  declinad  may  r^iceive  an  explanation  and 
reconsideration. 

A  Principal  Investigator  (Pi>  whose  proposal  has  heen  declined 
»ay  obtain  an  explanation  of  the  declination  from  the  responsible 
Program  Officer,  if  this  explanation  does  not  satisfy  the  Pi  that 
the  proposal  was  fairly  handled  and  reasonably  evaluated    the  pi 
My  request  recwiaideration  of  the  deciinatlwi  by  the  responsible 
Assistant  Director-    If  the  applicant  institution  is  still  not 
satisfied  after  reconsideration  by  the  responsible  Assistant 
Director,  it  may  obtain  further  reconsideration  by  the  Deputy 
^i'^r    L^^^''^^*    However,  if  a  proposal  has  been  declined  after 
review  by  the  National  Science  Board,  only  an  explanation  win  be 
available • 


ERIC 
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Question:      What  data  are  available  for  evaluating  the  success  of 
NSF*s  programs  for  attracting  wonan  and  ^inori  t  las  to  carc^ars  i  n 
science  and  engineering?    To  what  extent  is  NSF  duplicating  its 
aucceasful  a»odel  programs  in  other  places? 

Answer:    Data  on  the  success  of  NSF-supported  programs  for 
attracting  minorities  and  women  into  science  and  engineering 
careers  are  limited^  but  the  quantitative  data  that  are  available 
indicate  substantial  success  for  a  number  of  programs.  For 
ex^npXe,  the  attached  table  and  graph  from  the  NSF-8upx>orted 
National  Association  of  Pre-College  Directors  (NAPD)  shows  that 
its  member  organizations  (listed  by  acronym)  have  a  very 
impressivo  record  of  sending  their  student  participants  on  to 
college  (82%  to  4  year  colleges)  and  into  engineering  (47%)  and 
other  math-based  subjects  (25%),    All  the  member  organizations 
are  specificinily  involved  in  pre-college  activities  to  prepare 
minority  students  to  enter  engineering  or  science  programs  In 
college. 

The  Young  Scholars  Program  attempts  to  attract  high  ability  and 
high  potential  students  of  all  types  to  careers  in  science  and 
engineering.  Participation  by  women  and  minorities  is  strongly 
encouraged,  and  in  1988,  the  fitst  year  of  the  program,   about  bO% 
of  the  participants  were  women,  and  over  30%  were  minorities. 

Since  these  students  were  at  the  time  finishing  grades  7-11,  it 
is  premature  to  determine  the  career  impact  of  their  experience. 
We  are  intensively  collecting  data  about  all  participants,  and 
plan  in  a  few  years  to  carry  out  a  major  evaluation  of  the 
program's  effectiveness. 

$EE/USEM£*s    Cwnprehensive  Regional  Centers  for  l^inoritiea 
projects  each  have  formal  evaluation  components  which  include: 
internal  formative  evaluation  feeclback  for  ongoing  quality 
control."  two  forms  of  outcome  assessment  involving  data-based 
systems  for  out  year  tracking  of  students  as  they  become  adults 
entering  careers;  and  national  visiting  committees  to  review  and 
assess  projects*    However,  since  this  program  was  initiatfcd  only 
in  FY  1988,  it  will  be  a  number  of  years  before  results  affecting 
career  selections  are  known. 

In  addition,  NSF  has  recently  put  in  place  programs  design«>d  to 
attract  women  and  minorities  into  the  science  and  englneeiing 
pipeline.     These  efforts  include  the  Research  Careers  for 
Minority  Scholars^  the  Minority  Kesearch  Centers  of  Excellence 
(which  have  a  strong  educational  component)  and  the  proposed 
women  in  engineering  component  of  the  Graduate  Fellowship 
Program.     NSF  is  placing  greater  emphasis  on  the  Minority 
Graduate  Fellowship  Program  increasing  its  par^icip^tion  from  10% 
of  the  total  effort  to  15%  in  FY  1990. 
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PROMOTING  SUCCESS  THROUGH  COLLABORATIVE 
VENTURES  IN  PRECOLLEGE  SCIENCE  AND  MATHE- 
MATICS is  a  producl  of  the  National  Association  of  Precollege 
Directore  (NAPD),  a  coalition  of  nineteen  precollege  program 
directors  whose  mission  and  program  efforts  are  directed  at 
Increasing  the  pool  of  minority  students  who  pursue  engineer- 
ing and  math  based  college  study.  Funding  for  the  document 
was  made  possible  through  a  grant  from  the  Alfred  R  Sloan 
Foundation  supplemented  with  funds  from  the  National  Ac- 
tion Council  for  Minorities  in  Engineering  (NACME), 


TO  ALL  OUR  STUDEWTS  WHO  STRIVE  FOR  EXCELLEWCE, 
LABOR  IN  THEIR  STUDIES  AND  SHARE  THEIR 
GIFTS  OF  LEARNING  WITH  C  HERS. 


Copyri^h!  C  i985  by  the  National  Associaifon  of  Precdlege  Directors 
No  part  of  this  (^xrument  may  be  reproduced  t)y  any  rT>echanical.  photographic,  or  electronic 
process,  or  in  me  torn  of  a  phonographH:  recordintf .  nor  may  U  be  stored  tn  a  ret'teva)  system, 
transmttted,  of  otherwise  copied  Ipr  piJbic  or  private  use  withoui  Mmtten  permissk^n  from  the 
National  As$oc»aTk)n  of  Precotle^  Directors  (NAPO).  cA>  NACME  3  West  35  Street,  New  Vbrk. 
NY  10001 

®  R  ^  'J 
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Table  I.  NAPD  Program  Summary  Data 


High  School 


1984  Precollege 

Year  of 

Graduates 

Participation 

First  H.S. 

Since 

Students  a 

Schools 

Graduates 

Inception 

BEAM 

320 

11 

1983 

33 

CMEA 

820 

53 

1983 

84 

CMSP 

2.550 

11 

1975 

1,650 

DAPCEP 

1.300 

22 

1Q81 

503 

FAME 

250 

b 

1Q7fl 

150 

GEST 

50 

6 

1977 

150 

IIT 

450 

t> 

1974 

5.014 

LEAP 

238 

8 

1982 

128 

MASSPEP 

300 

6 

1982 

90 

MESA/Cal 

3.820 

138 

1977 

4  400 

MESA/N.Mex. 

310 

10 

1984 

5 

MESAA/Vash. 

2,200 

11 

1985 

METCON 

981 

13 

1982 

84 

PRIME 

1,866 

33 

1976 

1.695 

PRISZM 

603 

6 

1980 

257 

SECME 

9,211 

160 

1979 

6,216 

TAME 

15,000 

120 

1979 

4.000 

UCMEP 

500 

4 

1984 

45 

NOTES: 

a.  These  figures  represent  only  n^inorily  students  who  are  full  program 
participants.  There  are  many  additional  minority  and  non-minonfy 
students  who  benefit  from  individual  program  elements  but  are  not 
regular  partictpants. 

b.  FAME  and  IIT  both  bring  students  from  the  schools  to  a  centra) 
location  lor  program  activities. 
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NATIONAL   ASSOCIATION   OF   PRECQLLFHK  DIRgCTORS 
CDMPOSrre  SURVEY  CH=  PROGRAM  ADNONTSmATlON  hm  STUDENT  DATA 


The  fuUowmg  luivey  data  icprtsoii  Tc^jonscj  fsom  the  the  21  ^^jcf^SQit^  puigrams  whose  siaff  comiituic 
ibc  oKmbmhip  of  0ic  NatkwaS  Assodaiten  of  fttcollc^  Dinsctm.  The  auvcy  was  conduacd  ihrou|i!j 
B  questionnaire  thai      tent  10  NAPDIV^c^ttoDu^  The  dau  imlkaicd  rrpntsenf 

ihe  NAPD  Pixyjrains'  best  approumatjons  of  stuifrnt  cnrollrocm  and  gradaation  fron  coUegc, 


iNSTmrnoNAL  affhj  ations 

1.)  Number  of  AffUiatedUiuvovities 


in 


3^  Number  of  Sfntes 
Qpcxstiftg  Rrognun . 


35 


2  )  Number  of  Affdiascd 
Businesses 

4.)  Number  of  Pmgran] 
Admimstracive  Offices , 


220 


45 


STAFFlT^.PATrFRNig 

5.)  NunAerofFuUTLroc 
Equivalcm  (FTE)Stifr 


96 


70  Nuator  of  Psnicipam 
Bttsiuess  Loan  msoos 


9.)  Number  of  En^loycd 
Oolftge  Snidems 


75 


6,)  Number  of  Participanl 
College  F«:ulfy 


.0) 


175 


8,)  Number  of  I^fftjcipant    -  -^^ 
School  Tc3chm 


STUrgNTDATA 

10.)  Nusto  of  Schools 
Ojwiiting  Program 


997 


IZ)  Total  NuBber  of  Smdciiis 
EmoUcd  in  l^rcmm 
-1986i«7 


37,850 


14,)  Number  and  (%) 
of  Fr^nmStudcnu 
EnroUedln: 


5,7£0  (47^) 


Engineering 


15.)  EstT^umberof 
CblkccOnduates 

390  423 

tnginecring 


No^-Engincaing 


11.)  Grade  Levels  ^ 
Served 


13.)  Number  of 

P5(0OTm Smdcois  ..^ 
at  4VcarCWJeges  ^^^^^^ 


M70  (53%) 
Ncm-Ef^^ncoing 


My)  Est  Total  Number 
of  College  Grsduaies 
Sii^  I^ognm  Incepdon 
2,930  1,420 


Enginecnng  Non^Engineenng 


17,)  Number  and  {%)  of  Students  Partkr^ting  in  NAPD  ftograms  Thai  Have 
W<»i  Ihe  33  NACME  Mmt  Seholarnp  Awards  Given  in  the  L«n  5  Yeafv 


22  {fn%) 
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Aim  » 

ll»Mit4#CI  '»*»*n  J  tkHlf  /^f  9  turn 


r(»NUHFSS  OF  I  IIK  IINITKI)  STATKS 
mnm  (H  nirntstNi/^Tivts 

WASHij 


im'*  »^  If*! 

MM*  W 


Hattonai  Sci<»nc«»  Foundation 
1800        str«f>t,  N«« 
Washington,  D.C.  20S%U 

Dear  Hi,  Bloch: 

I  am  writing  lo  thank  you  !oi  your  testimony  iM>2urf>  i  ho 
Subramiaxttpp  on  Se4f»nr*»,  Rf»s*'aich  ami  T«»ch»oloyy  m  ftari-h, 
Evi?n  though  1  found  your  tpsti'  my  t|Uile  interent  mq,  and 
helpful  tv*  the  comoitttf^,  poflw  itt|Hirtaiit  dif f f!rFiu'«'«  appar<*iitly 
remain.    1  vould  like  to  tak«?  thie  opportunity  to  reitprat^ 
aone  of  sy  concerns. 

one  o£  these  ia  the  HBF'n  funding  for  thf  social  and  behavioral 
sciencea.     I  mm  diamayed  ov^f  the  apparent  low  i<»9ard  in  which 
theae  diaciplinea  are  held  at  the  NSf  and  the  fact  that  they 
have  not  enjoyed  funding  incieasea  pioportional  to  the  teat  of 
the  foundation.    Even  though  the  NSF-cnswRiaaioned  r*»rott 
Behavioral  and  Social  s^Liencea;  Achievetaenta  and  uppurtunit  ies 
called  for  an  increa0in9  co«»iitinent  to  reaearch  and  education 
within  the  eocial  aclencea,  financial  auppoct  for  the«(e 
diaciplinea  languiahea  and  it  appeara  the  Foundation  has  done 
little  to  implement  the  report's  reco»mendat4ona,    i  remain 
unconvinced  by  the  figures  you  cited  before  the  comniittAc  as 
evidence  of  aubatantial  funding  increasea  since  you  used  198a 

—  a  year  of  diaconian  cu^8           aa  your  baaeline.     In  fact, 

all  subaequent  increaara  have  served  nerely  to  return  social 
science  funding  to  pre-1982  levela.     I  believa  we  RUst  face 
this  fact  and  do  what  we  can  to  bring  current  increaaea  in  th? 
social  acience  budget  up  to  the  levela  of  other  programa  in  Nsf. 

I  am  also  concerned  with  the  Foundation'*  reluctance  to 
establish  a  sepi»rate  directorate  for  the  social  sciences  and 
the  near-absence  of  aocial  scientists  from  higtter  level 
positions  in  the  hsf.    With  the  exception  of  ^ohn  Moore,  who  aa 
deputy  director  for  the  entire  Foundation  cannot  serve  as  an 
advocate  for  the  social  aciencea,  there  ate  no  aocial 
scientists  in  the  upper  reaches  of  your  adwiniatratioh.  Given 
what  we  know  of  organii^at  ional  twhavior^   I  twlieve  that 
creating  a  separate  directoratt^  and/or  appointing  nore  aocial 
scientists  to  existing  adislniatrative  posts  would  aid  these 
diaciplinea  in  securing  a  irare  eguitable  share  of  the  budget 
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and  make  them  »  full  partner  withifi  the  Nsr. 

1  urge  you  to  give  these  suggestions  careful  ronsidprat ion  ^n^ 
hoi>e  you  will  not  hesitate  to  call  upon  me  should  you  wish  to 
discuss  them  in  greater  detail. 


DAVID  PRICE 
Member  of  congress 
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NATIONAl  SCJrNCt  roUNDATlOM 


ml 


Junr  6,  19H9 


IKmorabI*  David  Price 
House  of  RepresentBtivos 
Ifaatiingtofi,  OpC.  205I5 

Dmmz  Htn  Price: 

Thank  you  lor  your  letter  of  Hay  1,  1969.    Hhilo  X  am  glad 
you  think  «y  testimony  vas  helpful,  2  do  want  to  address  your 
concerns  rcgaroin^  funding  for  the  social  and  behavioral 
scienMs. 

First,  with  respect  to  the  report,  pehayioral  and  Social 
Sciences:  ^chleveaiift^its  and  C^portanitics,     1  was  frankly 
disappointed  because  while  it  has  sany  recommendations,  thoy 
did  not  help  us  in  the  difficult        of  priority  setting.  In 
fact,  the  report  is  presented  as  illustrative  of  c^^portunities* 
Hhile  X  understand  the  difficulties  of  the  task,  X  continue  to 
be  disappointed  that  som  disciplines,  including  the  behavioral 
and  social  sciences »  are  not  coming  to  grips  with  this  essential 
challenge  of  setting  their  own  priorities.    Certainly  the  report 
concludes  that  awre  resources  are  needed  for  the  social  and 
behavioral  sciences,  but  in  four  years  as  Director  of  HSF  J  have 
not  run  across  a  scientific  discipline  that  did  not  justifiably 
advance  the  same  view* 

Nonetheless,  the  report  has  had  an  impact  in  that  several  of 
the  illustrative  topics  discussed  are  being  supported  or 
otherwise  have  had  special  attention.    For  exasple,  awards 
have  been  Mde  across  several  disciplines  for  research  on  job 
segregation  and  the  wage  gap  between  ven  and  women r  an  effort 
is  underway  to  stiaiulate  use  of  superci»puters  to  develop  a 
new  generation  of  forecssting  am)  policy  analysis  tools /  and 
greater  support  is  being  provided  for  social  and  behavioral 
science  instrumentation  within  the  Division  of  Xnstruwentation 
and  Kesources.    Also,  it  should  be  noted  that  other  events  have 
overtaken  the  findings  of  the  report,  such  as  establishment  of 
the  National  Center  for  Geographic  Information  end  Analysis  and 
the  need  to  umierstand  the  himn  disMinsions  of  glc^l  c^hange* 
This  latter  topic  is  evening  as  a  unique  i^^portunity  and 
responsibility  for  NSF  to  ensure  thst  social  and  behavioral 
factors  are  considered  in  the  science  addressed  to  this  major 
concern. 
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hm  you  knov«  m  proposed  to  M^&siEs  thm  liuMifi  dimensions  of 
9S0IM1I  change  in  our  FY  1990  budgst*    Homver,  because  of  the 
rapidly  davsloping  intarsst  in  this  area,  the  Division  of  social 
and  Sccifosiic  6elanc:e  organised  a  solicitation  for  proimals  for 
this  fiscal  yaar  ^en  to  all  areas  of  social  science.  The 
prmosalB  received  in  response  to  this  solicitstion  sre  tosing 
revieved  by  a  »ulti disciplinary  panel  this  sonth*    The  humn 
disensions  of  global  change  vill  ecmtinue  to  be  an  ieportant 
pai-t  of  our  total  planning  in  aupport  of  U.S.  science  related 
to  glc^l  change. 

Secondly,  1  chose  1982  as  a  year  frxm  which  to  Make  budget 
coa^risons  deliberately  because  (a)  it  was  the  low  point  of 
the  funding  for  the  behavioral  and  social  sciences,  Jind 
(b)  it  also  is  the  beginning  of  the  turn  around  for  funding 
of  tha  Foundation's  budget. 

Even  with  this  eKpansion  in  funding  for  the  National  Science 
Foundation^  the  resources  are  United  and  the  priorities  ate 
nany.    The  statistics  1  cited,  however,  reflect  on  a  relative 
basis  to  biology  and  the  rest  of  the  Foundation  the  fact  that 
we  have  addraased  the  cuts  in  the  behavioral  and  social  sciences 
in  an  sggrasslve  way.    There  is  no  reason  to  assusie  that  any 
discipline  must  always  increase  in  funding  or  that  prior  levels 
of  funding  reflect  the  priorities  of  today.    Rather  than  focusing 
on  the  level  of  funding  of  an  individual  discipline,  the  bottom 
line  for  the  Foundation  needs  to  be  increaspd,  aB  I  have  pointed 
out  in  fty  testisony  over  and  over  again,  and  through  thai  action 
al3  discipline's  are  helped. 

Thirdly,  I  disagree  that  a  separate  directorate  for  the  social 
and  behavioral  scienceB  is  what  is  required.     1  nust  say,  in 
general,  that  the  "rganijcation  of  an  agency  or  department  should 
be  left  to  the  determination  of  those  that  are  responsible  for 
its  day  to  day  operations  and  not  be  dictated  by  either  Congress 
or  a  cosmunity  with  its  own  narrow  self-interests-     On  a  sore 
specific  basis,  let  se  give  you  the  reasions  why  I  am  opposing  a 
separate  directorate.     I  am  for  a  streamlined  organization  that 
has  fewer  and  not  sore  stand  alone  entities  for  the  sake  of 
efficiency  as  well  as  for  the  fact  that  short  communication 
lines  can  be  maintained.     That  applies  to  tha  social  sciences  and 
»any  other  disciplines. 

Further,  organisational  changes  usually  do  not  correct  probleiss, 
either  real  ones  or  problems  of  perception,  and  I  strongly 
beliave  that  the  social  ai^  behavioral  sciences  should  not  be 
isolated  either  organisationally  or  intellectually.    They  h&ve 
too  Mny  interfaces  with  other  sciences  and  engineering  that 
represent  real  opportunities  for  scientific  advances.    It  is 
through  this  interplay  that  the  social  and  behavioral  sciences 
can  gain  the  recognition  that  they  so  amply  deserve. 
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Honorable  David  Price 


I  am  sure  that  we  will  continue  diacuasion  of  these  topics. 

I  do  want  you  to  understand  that  1  am  as  imich  a  champion  of 

the  behavioral  and  social  sciences  as  I  an  of  any  of  the  other 

disciplines  for  idiich  HSF  is  responsible.  To  suggest  otherwise 
does  not  reflect  the  facts. 

Sincerely, 


Erich  Bibch 
Director 
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Appendix  II 


■"■a-r.f"?^  U.S.  m>USE  REPREMMTATIVES 

£Ss»r  COMMITTEE  ON  SCIENCE.  SPACE. 

SsS^S  AND  TECHNOLOGY 


a; 


MAMIOTON.  DC  mtt 


Ttj©  McMi.  Betty  C».tor 
Coiwissioiwr  of  Educetion 
D^rtflwit  of  E<Jucaf(on 
Th»  C«j>ltol  a  OS 
T«noMBSTO,  FL  3^599 

Dmt  Ms,  C«stDri 

On  behalf  of  tho  Svbccwwlttee  on  Science,  Res&srch  and  Technology,  \  wQu\ii 

Mke  tD  express  our  appreclBtion  for  providing  us  nfth  the  benefit  of  your 

wjwr fence  end  fnslght  regBrdlng  science  education  In  ttie  public  schools. 

in  your  testimony  et  ovr  recent  hearing,  you  raentloned  thet  the  key  to 
successful  liTplewentatlon  of  new  science  or  mat^9ewtlcs  tewtboc^vs  is 
ensuring  tt»elr  a^ptlon  on  approvi^  textbook  lists  In  ttte  severe!  Jerge 
states,  such  as  Florida,  which  have  established  these  lists.    In  urder  to 
eyginent  Oi<r  hearing  record  on  this  iiiportant  point,  we  wajild  appreciate 
your  providing  a  description  of  how  the  process  for  textbook  adoption  works 
a'ong  with  any  comments  you  might  neve  on  how  N5F  could  Improve  the  Chances 
of  new  currlcular  pjaterlais  being  ^opted.    We  will  include  this 
Information  In  the  printeiJ  hearing  record. 

Again,  tnank  yoy  for  your  wHlinjjness  to  bo  a  resource  to  the  Subccmfr^i tto©. 
We  know  you  share  our  goal  of  Improving  the  standard  '"x  scie^Ke  and 
mathemetlcfi  Instruction  in  our  Nation's  schools. 


Sincerely, 


Subcommittee  on  Science, 
Roseau  ch  and  Technology 
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FLORIDA  DEPARTMHiT  OF  EDUCATTON 
Betty  Castor 

Commiisiqner  cf  EciucMcm 


May  11,  1989 


Honorable  Doug  Walgren,  Chairman 
Subcommlttcfc  on  Science,  Research  and  Technology 
United  States  House  of  Representatives 
Suite  2321,  Rayburn  Houw  Office  Building 
Washington,  D,  C.  20515 

Dear  Representative  Walgren: 

Thanlt  you  for  your  letter  requesting  a  description  of  Florida's  process  for  textbook 
adoption  and  for  comments  on  how  the  NSF  could  improve  the  chances  of  new 
curricular  materials  being  adopted. 

A  brief  description  of  Florida's  instructional  materials  adoption  program  is  enclosed. 
As  noted  in  the  descriptlon«  the  various  instructional  materials  councils  adopt  course 
specifications  and  criteria  statements  for  t?>e  evaluation  and  election  of  materials. 
These  are  then  provided  to  interested  publishers  who  in  turn  use  them  to  decide 
if  their  materials  are  appropriate.  If  appropriate,  the  materials  are  then  submitted 
for  consideration  by  the  various  councils.  Course  specifications  require  that  the 
materials  submitted  for  adoption  consideration  address  course  content  as  contained 
in  appropriate  curriculum  frameworlcs,  describe  the  desired  presentation  of  the 
content,  specify  the  kinds  of  related  materials  desired,  and  designate  the  grade 
level  for  which  the  materials  are  to  be  designed. 

The  Florida  Department  of  Education  would  welcome  the  opportunity  to  receive 
current  information  from  the  NSF  regarding  developments  in  math,  science  and 
computer  education  so  that  the  instructional  materials  councils  could  be  made  aware 
of  technological  advances*  curriculum  needs,  the  results  of  assessment  effortsi  and 
succe«fal  innovative  pUnr  programs.  This  information  would  then  be  uml  to  develop 
a  "state-of-the-art"  document  to  be  used  by  instructional  materials  councils  as  they 
develop  course  specifications. 


The  Capitoi  •  TaBahmsee,  Flofida  32399  *  (904)  487- 1 785 
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Honorable  Dov^g  Walgrcn 
Page  two 
May  n,  1989 


Since  it  takes  a  mtnimum  of  three  years  to  develop  and  field  te^t  neu  textbooks. 
pubUsljcrs  should  promptly  be  provided  with  the  same  information.  It  should  he 
remembered  that  publishers  respond  to  the  demands  of  the  marVetplace.  They  will 
respond  to  the  requirements  of  the  states,  especially  when  several  of  the  larger 
states  begin  to  asK  for  similar  products. 

Thank  you  for  the  opportunity  to  share  my  concerns  and  suggestions  with  the 
subcommittee.  Please  call  on  me  if  1  may  provide  additional  information  or 
suggestions. 


BC/Jtw 


Enclosure 


Copy:  Donald  S.  Van  Fleet 
laurey  Strykcr 
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FLORIDA'S  INSTRUCTIONAL  MATERIALS 
ADOPTION  PROGRAM 


FLORIDA  DEPARTMENT  OF  EDUCATION 

DIVISION  OF  PUBLIC  SCHOOLS 
BLRKAl  OF  ELEMENTARY  AND SKCONDARY EDUCATION 
INSTRL  CTIONAL  SUPPORT  SERVICES 

NOVEMBER  19S8 
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FLORIDA'S  INSTRUCnONAl  MATERIALS  ADOPTION  PROGRAM 


Tht  State  of  Florida  has  an  extensive  state-adoption  process  involving  the 
submission  of  instructional  materials  by  publishers  for  review  by  state  and  Jtstrict 
imtructfonal  materials  councils  prior  to  recommendation  for  approval  by  the  State 
Board  of  Education. 

The  decision  as  to  which  subject  areas  are  to  be  mduded  m  each  year's  adoption  is 
based  on  contract  expirations  as  well  as  identified  needs  expressed  by  districts  for 
new  subjectt  and  courses  to  be  added  to  the  state-adopted  list.  After  the  specific 
subjects  and  courses  have  been  determined  for  an  adoption,  the  Commissioner  of 
Education  appoints  persons  to  serve  on  the  varjous  state  mstructtonal  materials 
councils.  The  appointees  are  selected  from  nommations  received  from  district 
superintendents,  professional  and  educational  associations,  and  individuals. 

Following  the  appointment  of  the  councils,  a  training  and  organiiational  meeting  is 
called  by  the  Commissioner  of  Education.  The  vanoys  councils  meet  in  joint  and 
individual  sesiMOns,  as  appropriate,  to  receive  specific  training  in  the  evaluation  of 
instructional  materials;  to  establish  and  adopt  policies  and  procedures  for  both 
state  and  district  instructional  materials  councils,  to  develop  and  adopt  course 
specifications  and  criteria  statemenU  for  the  evaluation  and  selection  of  matenals; 
and  to  establisn  and  adopt  guidelines  for  publishers  to  follow  m  reporting  the  use 
of  the  Learner- Verification  and  Revision  Process. 

Shortly  after  the  organizational  meeting,  the  Departn^f  nt  mails  a  notice  to  all 
publiyierson  a  perpetual  mailing  list  advising  them  of  the  upcoming  adoption  and 
outlining  details  for  submitting  bids.  Publishers  have  until  June  15  to  submit  their 
bids. 

About  the  same  time,  the  Department  extends  a  written  invitation  to  ^ne  school 
districts  to  participate  m  the  pre-adoption  evaluation  of  the  mvtructional  materials 
to  be  considered  tor  adoption . 

After  all  bids  have  been  received  from  publishers,  a  hst  of  the  materials  to  be 
evaluated  in  each  subject  and/o?  course  is  compiled  The  hst.  accompanied  by  other 
necessary  information,  forms,  etc,  is  sent  to  indiVfdual  members  of  the  state 
councils  and  to  the  coordinators  of  the  distnct  countiis 

To  aid  districts  in  establishing  and  trammg  evaluation  councils  and  in  carrying  out 
their  responsibilities,  the  Departmen;  conducts  an  annual  worlcshop  Two  or  three 
representatives  from  each  participating  district  are  invited  to  attend  These 
representatives  are  then  expected  to  assist  their  local  distnct  councils  in  addition, 
members  of  district  instructional  materials  councils  receive  iraming  m  the  selection 
of  instructional  matenats  through  distnct  summer  inservice  institutes  or  some  other 
inservice  vehicle  The  training  program  is  based  on  a  fo^'mal  program  developed  by 
the  Department  of  Education 
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PublMicn  furnish  evaluation  samples  and  pertinent  mitten  information  regarding 
their  materials  to  individuai  memben  of  the  state  councils  and  to  the  district 
councils.  The  deadline  for  shipping  the  samples  is  established  by  the  state  councils 
and  is  usually  July  15. 

When  dfstrtct  evaluations  are  received  by  the  Department,  they  are  compiled  into  a 
computerixed  r^'^ort  to  be  submitted  to  the  appropriate  state  councils.  The  report 
includes  eai  Jtstrict  council's  evaluation,  ranking  comments,  and 
recommen*^  -  jn%  for  each  submission.  Evaluations  from  professional 
organizatioi     «ay  be  included  in  the  report,  also. 

The  state  councils  meet  individually  m  Tallahassee  during  the  fall  and  early  wmter 
months  to  determine  which«  if  any,  of  the  materials  submitted  to  recommend  for 
adoption.  In  reaching  that  decision,  the  following  are  taken  into  consideration: 
(f )  the  publishers'  compliance  with  all  legal  requirements;  (2)  the  district  councils' 
evaluations.  (3)  the  publishers^  presentations;  (4>  written  and/or  oral  evaluation! 
and  recommendations  from  individuals  and  ^peciat  interest  groups;  (5)  individual 
council  members'  evaluations,  and  (6)  council  discussion  about  each  submission. 
The  councils'  policies  require  a  two-thirds  vote  of  members  present  to  recommend  a 
submission  for  adoption. 

When  ait  state  councils  have  met  and  made  their  recommendations,  a  single  report 
is  prepared  and  forwarded  to  the  Commissioner  of  Education  The  Commissioner,  in 
turn,  submits  the  report  to  the  State  Board  of  Education,  along  with  her 
rtcomnoendations  regarding  it  The  Board  makes  the  fmal  decision  as  to  which  of 
the  recommended  materials  are  adopted.  A:  the  present  time,  materials  are  placed 
on  four-tO'Six-year  contracts  beginning  on  Aph!  1  of  the  year  m  which  they  are 
adopted.  At  the  end  of  the  third  year  ot  the  contract,  publishers  have  the  option  of 
increasing  their  prices  in  accord  with  limitations  set  forth  in  Section  233  17,  Florida 
Statutes,  With  the  agreement  of  the  publishers,  contracts  may  be  extended  for  one 
or  two  years. 

Following  action  by  the  Bo&rd,  the  Department  notifies  the  school  districts  that  new 
materials  have  been  adopted  and  furnishes  them  with  a  list  of  the  specified  titles, 
prices,  etc.  Purchasing  may  begin  on  April  1 

Being  on  the  state-adopted  list  dc^s  not  ensure  that  materials  will  be  seiected  and 
purchased  by  the  Khools  Each  district  has  responsibility  for  evaluatmg,  selecting, 
and  purchasing  specific  materials  to  be  used  in  its  classrooms.  Districts  vary  in  their 
policies  and  procedures  for  selecting  materials.  Some  districts  have  single  basal 
adoptions;  some  have  multiple  basal  adoptions;  and  others  permit  their  schools  to 
select  from  the  entire  state-adopted  list,  )n  some  districts,  evaluations  and 
selections  are  made  at  the  district  level,  while  m  others  the  decisions  are  made  at 
the  school  level.  State  law  does,  however,  require  that  materials  niust  be  evaluated 
before  they  are  used  for  the  f >fst  time  by  a  district  in  additton  to  selecting  from  the 
state-adcg9ted  list,  districts  may  use  up  to  fifty  percent  of  their  state  categorical 
funds  to  purchase  materials  not  on  the  state  U%i. 
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Appsndix  in 

AOf l*«;t  -  AMSf  f  «)AM  •  ANClKmAU  •  MK  %i  AfO  •  BOSTON  -  fiRWSM  i  S  •  NO,  AWl?, .  tMK  AW)  - 1  On^WACrfN  ,  DUfiifW 
WWft  .  SC»«  -  SAN  f RANCTVCO  -  SAN  JO«     CO^TA  ftHLA  •  StAT  Tit  .  MtXlkHOl M  .  ^rim  y  .  H^ONIO  .  VAVcWl  R  -  VHnJX 

Greenpeace 

GfWf^jMCf  USA  •  U36  U  StfWI  »W  •  W«sh«wton  DC  /0009  .  W 
»  2359  •  Fa>  4W 

The  following  is  th©  stateinent  of  Greenpeace  USJV  to  the 
Subcoamittee  on  Science,  Technolow  and  Research  of  the  United 
States  House  of  Representatives.    The  atateisent  addresses 
generally  the  u.  S,  Antarctica  Program  under  the  National  science 
Foundation,  and  specifically  the  environmental  aspects  of  the 
pressed  Safety,  Environment  and  Health  Initiative, 

Susan  Sabella,  U.S.  Antarctica  campaign  Coordinator 


Greenpeace  is  an  international  environmental  organization  with 
over  1,2  million  supporters  in         United  States.  The 
organization  has  been  active  in  Antarctic  issues  fox  several 
years,  campaigning  to  have  the  continent  protected  as  a  World 
Park-    Since  the  austral  euamer  of  1985/86,  Greenpeace  has 
visited  the  Antarctic  each  year,  exranding  our  monitoring  of 
huaa.1  presence  on  the  fragile  Ant!::ctic  environment.    During  the 
1986/87  season,  we  established  a  small,  minimum- impact,  year- 
round  station  on  Ross  island.    Since  then,  Greenpeace  expeditions 
have  conducted  environmental  monitoring  and  documented  waste 
disposal  practices  at  22  stations  belonging  to  16  nations. 

Greenpeace  inspections  have  revealed  that  TOst  scientific 
stations  and  support  operation are  seriously  damaging  the 
environment,  and  do  not  meet  environmental  standards  established 
un^r  the  Antarctic  Treaty,    visits  to  U.S.  stations,  Calmer  and 
McWurdo,  have  confirmed  that  the  U.S,  policy  and  practices  for 
disposal  of  waste  do  not  comply  with  Treaty  recommendations, 
including  the  Code  ot  Conduct  and  the  Agreed  Kcasures  for  the 
Conservation  of  Antarctic  Fauna  and  Flora.    Both  stations 
discharge  raw  sewage  into  the  surrounding  waters.  picWurdo  station 
operates  a  land  fill  and  i?urns  its  combustible  waste,  including 
toxic  materials,  in  open  pits.     Both  open  incineration  and  the 
dumping  of  untreated  sewage  are  prohibited  in  the  United  states. 
Furthermore,  niountains  of  scrap  metal  and  defuntL  siachinery, 
dating  bacK  to  the  program's  earliest  days,  have  been  left  behind 
by  previous  U.S.  operations.  Some  of  this  rubbish  has  been  in  the 
Antarctic  for  as  long  as  thirty  years.    Kore  than  merely 
unattractive,  this  trarh  has  contributed  heavily  to  the  contamination 
of  the  KcMurdo  Sound, 

The  Antarctic    is  the  last  great  wilderness  on  earth,  and  home  to 
rare  plant         animal  species  incluaing,  penguins,  seals,  and 
whales.    Baise  activities  and  irresponsible  waste  disposal 
operations  can  significantly  alter  and  even  destroy  the  fragile 
marine  environment  as  well  as  the  small  amount  of  ice- free  land 
available  to  sustain  the  continent's  wildlife.    In  addition, 
scientists  now  Know  that  the  Antarctic  plays  a  critical  role  in 
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regulating  cllmatological  change.    The  continent  provides  a 
unique  laboratory  in  which  to  study  such  phenomena  as 
stratospheric  ozone  depletion  and  the  greenhouse  {  ffect.  The 
vali^  of  this  continent  os  a  pristine  wilderness  lind  global 
laboratory  must  not  be  threatened  by  the  continued  introduction 
of  local  contaminants. 

The    National    Science  Foundation  has  repeatedly  stated    chat  it 
IdcKs  the  funding  necessary  to  address  the  environmental  ijupacts 
of    its  Aiitarctic  operations,  and  that  to  do  so  would  he    at  the 
expense    of    scientific  research.    Therefore,  in  ordei     to  avoid 
further  tradeoffs  betv^n  the  environment  and  science,  Green{>eace 
believes  that  congress  should  appropriate  the  FY  1«?90  $10  million 
special  fund  requested  by  the  NSF  for  environmental,  health,  and 
safety  purposes.    This  special  funding  must  continue  as  long  as 
necessary.    Furthermore,  Greenpeace  urges  the  congress  to  take  an 
active  role  in  ensuring  that  the  National  science  Foundation 
takes  all  necessary  steps  to  swiftly  and  significantly  decrease 
the  U.S.  Antarctic  Program's  environn^ntal  impacts.  The 
successful  Implementation  ot  o  truly  sound  environmental 
initiative  and  clean  up  effort  by  the  U.S.  would  set  am  example 
for  other  Treaty  nations  to  follow. 

While  Greenpeace  is  in  favor  of  the  National  Science  Foundation 
receiving  additional  resources  to  undertake  an  environmental 
initiative,  increased  funding  is  not  the  total  solution.    The  NSF 
must  devise  a  comprehensive  plan  that  will  fully  implement  the 
Antarctic  conservation  Act,  eliminate  the  sources  of  land,  air 
and  water  pollution  within  their  operations,  and  ensure  lull 
coa^liance  with  all  applicable  u.S,  and  international 
environmental  laws.    Greenpeace  is  not  satisfied  that  the 
proposed  initiative  will  achieve  these  goals. 

With  regard  to  wastewater  disposal,  the  initiative  suggests 
sutoerging  the  outfalls  and  installing  macerators  at  both  Palmer 
and  McMurdo  bt^es.    While  these  measures  may  indeed  aid  in 
dispersing  the  waste,  they  do  nothing  to    address    the  actual 
contents  of  these  effluents.    A  chemical  analysis  of  HcMurdo's 
outfall  performed  by  Greenpeace  scientists  identified  elevated 
levels  of  heavy  metals  in  the  effluent.    These  metals,  lead, 
cadmium,  zinc,  copper,  and  silver,  are  toxic  and  can  have  serious 
effects  for  the  local  marine  environment.      The  proposed  actions 
also  do  nothing  to  reduce  the  biological  oxygen  demand  (BOD)  of 
the  effluent.     Indeed,  maceration  may  increase  BOD.    It  is 
essential  for  the  Foundation  to  locate  the  sources  of  the  heavy 
metals  contamination  and  install  eguipnent  such  as  rotators  and 
filters  to  reduce  BOD. 

Concerning  disposal  of  solid  wastes,  the  initiative  actually 
proposes  very  little.    Reccwmnendations  include  minimizing  use  of 
plastics,  investigating  the  possibility  of  installing  an 
incinerator  at  McMurdo,  and  filling  in  the  Winter  Quarters  Bay 
dunq?.    Other  than  restricting  the  use  of  plastics,  these 
proposals  do  not  amount  to  much  in  terms  of  improving 
environmental  standards  of  U.S.  Antarctic  operations. 
Furthermore,  the  initiative  fails  to  address  WCMurdo's  Fortress 
Roc^  landfill.    This  method  of  solid  waste  'disposal*  is  wholely 
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incoBjpatible  with  the  protecticm  ot  the  Antarctic  environment, 
end  must  be  terminated. 

^  25yf?"®  so^^^e  ot  land  poll  tion,    «cilurdo's  Fortress  Rock 
lanarxxi  receives  at  least  500  tone  of  corabuBtible  trash 
annually,  including  pacKaaing  materials,  paper e  tin  and  aluminua 
cans  and  plastdcs*    In  addition,  the  drap  receives  a  variety  of 
Ron-cpmhustlble  materials  including  scrap  »etal  and  old 
machinery,    THe  non--coiahUBtibles.  plus  whatever  co»bU6tihle 

conauawKi  in  the  bum,  are  bulidoMd  under 
and  cowred  with  soil.    This  practice  of  landfilling  will  aaHe  it 
al»oat  1  ^«>os8ible  to  retoove  this  waste  in  the  future. 

Landfills  also  contribute  sipnif icantly  to  the  contamination  of 
surface  and  ground  water.    At  JfcHUrdo,  run-off  froK  nearby 
snowfields  drain  through  the  landfill,  coming  in  contact  with 
incineration  ash.    The  leachate  flowing  from  the  landfill  then 
transports  OHitajainaqts  tc  other  areas  of  the  station,    Much  of 
the  run-'off  eventually  ends  up  in  Jfcwurdo  sound. 

It  should  be  noted  that  WcMurdo's  Fortress  Rock  landfill  complies 
With  neither  international  nor  domestic  regulations.  Fortress 
KocK  does  not  meet  landfill  standards  set  by  the  U.S. 
Environmental  Protection  Agency.    The  Code  of  Conduct  prohibits 
coastal  stations  frcan  operating  landfills  altogether. 

Although  the  initiative  ignores  the  environmental  impacts  of  the 
Fortress  Rock  landfill,  it  acknowledges  the  need  to  phase  out  the 
open  burning  of  the  dump.      To  do  so,  the  initiative  states  that 
the  NSF  will  study  the  possibility  of  installing  an  incinerator 
at  Fortress  Rock.    However,  it  must  be  pointed  out  that  the 
ff5S^^  Panel  report,  upon  which  the  initiative  is  based,  suggests 
either  installing  an  incinerator  or  retrograding  c<»nbustible 
wastes  as  possible  alternatives  to  open  incineration.    It  is 
unacceptable  that  the  NSF  has  chosen  to  disregard  the  panel's 
recouanendatlon  to  retrograde  cc»^ustlble  wastes.    Indeed,  nowhere 
in  the  initiative  is  the  optlor  of  retrograding  combustible 
materials  even  mentioned.    From  an  environmental  protection 
perspective,  the  best  alternative  is  to  remove  the  wastes  from 
the  continent. 


Greenpeace  Toxics  Division  has  done  extensive  research  into  the 
environmental  impacts  of  incinerators  and  has  concluded  that 
incineration,  whether  in  a  state-of-the-art  incinerator  or  in 
open  pits  is  not  appropriate  technology  for  the  fragile 
Antarctic.    Incinerator  ash  and  ^ssions  ere  sources  of 
polychlorinated  dioxins,  and  furans    -  two  groups  of  chemicals 
that  include  the  most  toxic  substances  known  to  science.  Many 
modem  products,  ordinary  cleaning  Products,  newspapers,  cans, 
personal  care  products  and  plastic  packaging,  contain  nurorous 
toxic  substances,  ranging  from  heavy  metals  in  inks  and  cans  to 
dioxlns  in  paper,    when  the  refuse  is  burned,  volatilised  jT»tals 
and  organic  chemicals  are  released  into  the  air  and  concentrated 
in  the  ash-    The  U.  S.  Environmental  Protection  Agency's 
"National  Dioxin  Study"  has  pinpointed  refuse  incinerators  as 
major  sources  of  dioxin  and  furans. 
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It  iB  for  these  raascHiB  that  Greenpeace  calls  for  an  end  to 
leadfill/fHMm  incineration  operat^  ;,^is  and  does  not  support  the 
instellation  of  an  incinerator  at  RcMurdo  or  other  U.S. 
facilities. 

One  dw^lte  that  the  initiative  does  address  is  the  fomier  diuap 
at  winter  Quarters  Bay.    Tbo  Winter  CMarters  Bay  dump  is  the 
result  of  decactos  of  discarding  all  iwmer  of  solid  waste  onto 
tto  annual  ice  in  Kifiur^  Sound.    This  smintain  of  B»t9^  and 
trash  accwilated  at  the  BiK>rellne  has  cmtritmted  yreatly  to 
the  dastructicm  of  the  laarine  environment  of  Winter  Quarters  Bay. 
The  initiative  states  that  the  best  way  to  deal  with  the  Winter 
Quarters  Bay  dump  is  to  '^landscape'*  the  area  by  encasing  the  mass 
ot  waste *under  a  l«^r  of  soil-    While  improving  the  site 
aesthetically,  burial  does  nothing  to  address  environmental 
Impacts*    On  the  cratrary,  burial  ensures  that  the  waste  will 
rmain  in  Antarctica  forever.    Furthermore,  there  is  no  guarantee 
that  the  wastes,  once  capped,  will  not  continue  to  cont«ainate 
tim  water  and  sediment  of  KcNur^  Sound,    deenpeace  believes  the 
Bore  as4>ropriate  measure  would  be  to  iwanitor  the  duc^  and 
continue  to  remove  the  waste. 

The  successful  implementation  of  the  above  recomendations  will 
rest  heavily  on  increased  envisronmentaX  awareness  among  HSP,  Navy 
and  extracted  employees,  strict  enforcement  of  regulations,  and 
a  coBiprehenslve  environmental  monitoring  program.    The  NSF*6 
Draft  Environmental  protection  Agenda  thoroughly  outlines  what  is 
needed  in  terms  of  environmental  education.    The  Foundation  is 
presently  conducting  a  search  for  a  Safety,  Environment  and 
Bealth  Officer  to  initiate^  oversee,  end  enforce  the  initiative's 
new  measures.    What  seems  to  be  missing  is  the  ccamnitment  to 
tevelop  an  environmental  monitoring  program. 

A  coi^rehensive  monitoring  program  that  includes  on-going 
sampling  and  analysis  of  soil,  sediments,  effluent,  leachates  and 
exhaust  emissions  must  be  instituted  immediately.  Without 
accurate  and  regular  monitoring,  problem  areas  cannot  be 
identified  or  remedied.    Host  certainly,  without  environmental 
monitoring,  the  Foui^ticm  cannot*  in  any  meaningful  way. 
(tetermine  whether  or  not  thsir  operations  are  having  a  negative 
impact  on  the  environment-    For  example*  an  accurate  and  regular 
sampling  program  would  have  alerted  Foundation  officials  to  the 
metals  contamination  of  NcKurdo's  effluent. 

The  above  comments  point  out  a  number  of  areas  where  the  NSF*s 
fiosvironmental  initiative  falls  drastically  short  of  adequately 
ln^roving  environmental  protection  at  U.S.  stations.  Greenpeace 
urges  the  Foundaticm  to  reassess  its  proposal,  and  consider  the 
points  raised  here.    Additionally,  more  information  regarding  the 
initiative's  priorities,  the  nuts  and  bolts  of  Ijj^slementation  and 
time-frame  for  the  projects  must  be  made  available  to  the 
Congress  and  the  public  as  soon  as  possible.  Greenpeace 
c^xsiders  cleanup  of  ths  U.S.  installations  in  Antarctica  to  be 
of  the  utmost  urgency.    We  I'espectfully  request  that  Congress 
provi<^  the  funding  and  the  oversight  to  guarantee  that  this 
cleaniq)  effort  proceeds  in  the  im^st  expedient  and  thorough  manner 
possible. 


RHODE  ISLAND 

COLLEGE 

Dc9«trnrfit  of  M««fvni«txi  «r«t 
Campus  Sotrm 

Hnrcti   6,  19B*? 

RepreBftfitative  Shnf'wOQd  Botthiert 
Congri»«»  of  tne  United  Statea 
Mciu««  of  Reprevivntati vea 


Dear  Repreannt at  1  vr  Boa^^lert, 

Thank    you   for   a\Xomi  ng  tn«   opportunity    to   pr«nf»nt   my   »ri  ttf*n 

taatimnny  t^encarning  th»   actlona   naaded  to   iwpr  ti  vo  mathainBt  i  cb 
adMcatictn   in  our  nation.      I   havo   taught   college   matheRmticB  i  trained 
pfmumrv  ic.9  undargradwct«  and  graduate  mathamatica  studanta  tor  tne 
Pant   fiftaon  yaara*   For  thw  Dawt   thi-cB  yaaru,    I   hava  baan  Oiractor 
of   tha  EKcalianca  in  Taaching  Mathamatira  Projact  for  tna  atota  of 
f^hode   Iciandf   tliia  project  davalops  wathamatlca  inaarvica  trainins 
prcgrana  for  grada*  kindargartan  through  taalve*   Gaaad  on  thaaa 
aw  pari  aocasf  y   I   raconanjand  your  ifttantion  Pa  focMsad  on  prwamry  ici» 
taacheroi    firat   yaar  taacherat    ineervica   traininn.   Public  ai»aranBaa, 
National    Scianca  Foundation  grantsi    and  conf arancaa » 

Providing  programa   for  praaervice  taachara   i«   addrassad  by   H,R.  996, 
and  B0CHLE02B*     Tha  bill*  rmprB^nr^t  «  poaitiva   initiativa  to  got 
Btudanto   Invoivad  in  tha   riald  of  wathamatica  teaching  bwt   doaa  not 
nacaasarily  attract  tha  beat   and  tha  brightaat  atudanta.     Tha  pool  of 
appiicanta  ahould  not  brt    lii^itad  to  woman   ahd  ninoritiaa  but   to  tha 
baat  and  tha  brlghtaat   of  our   nation's   youth.      It   is   ifiparotiva  that 
aa  attract   atudanta  that  era  avcallc^.tt  foathareaticiana  to  oocoma  tha 
futufa  mathamatica   aducator»   that   our   country   di?aparataiy   nande.  Tha 
prograf*ia  proDOsad  raprasant   a  pouitivr;  ra»ponr>a  to  tha  naad  for  •*good'* 
mathamatica  atudanta  aho  could  not  otharwinn   afford  «  cnllaoo 
aducaticn.      The  salaction  of  thaaa  future?   nnthanwtice  tti*char-n  .^nuid 
b«  mada  with  tha  aaalatanca   of   tha   local    nothomatico  taochar 
aaaociation.      X   agraa  that   acsctamic  n<%rit    ohnuld  bm   an  important 
critaria   for  oalectinn,    hoiravar,    a  commitwart   and  offinity  towa'-si 
taschinc^  naeda  to  ba  inciudad. 


r^gademr.  fthodr  MMd  Q79QI 
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RHODE  ISLAND 
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Orfi«ftinrnl  H  M>tthr<mUri  And 


A  prOfirnw   for   finnt   y^ar   tPOCMitrn   nerdt*   to   bo   dpnlijnrrtp      A  cruciul 
mtmp  1o   ttwrrrrodinn   in   orhcoiri   ir,   j^u'-vivlnri  th«   firiit.   >f.ar   of  t^»ac^*n3. 
X»ny   '  ^rot    yeur   tf?orh^r*>   *jrp   ^^Ivon   five   rronnrnt  i  onn ,    tho    2o*f»i,t  IfTvnl 
ciBauca  and  th«   Jnnot  mntiyat^a  ffiotivstin^  clotu»c»«.   TfUc  ©ituotion 

boccmwtt   ematlnnally   dlffit:*ilt    for   tti«Hn   nn.   ti.»nc^nrn.      There   urn  nn 
AriorMoing  ^>uf^^*•r   of    firat   yror   tanrhorn  thot   aro  ''drt^ppins  out''  of 
t»«chlnQ  dMrins   thfjr   firtit   ye«r,      IdPnll>,    fir.,t    ypor   tcachnrti  »r.cijlrt 
hBVB  only   thr»«   r'***P*5r'nt  i  on?}    in   whicM   onn   pr  c?|i  irnt  i  u^i  InrliiOnn 
upper  t*-c«ck  clBBVf    thtiy   n^od  i\n   In-ertiool   wcntaf   or   nnutor  tcschrr 
thmt  mill   prDvide*   thmm  mith  Imh   guia»ni-.r»  nnd  toupnert    f  nr  Ifrenor 
p^anninf^y    dl  «c  i      i  nine ,   adjuntint^   to  tnncHing,    «od  dfHiini^  *it^  tfio 
vorio«»  sociffi    iBBUPfi    involvi^d    in   t^ducot.  ln<;   ocr   youttt,      f3y  prnvidi**) 
ttitfflie  nctw   tf•»c^^'ro  with  «  wFntor   to   net    he*   ^uiti^,,    thtf  rf»»   teother  dot>t^ 
not   h«v»  to   "ra-invrnt   the  nnd  con  canccntrotw  on  innoyativo 

teacMng* 

An   insorvicr  training   prnqrnm   thot   omph^ici  *nci  clabc^room  support   by  a 
tmmchmr   r^sourco  «oent   or  om»ter  ttrachnr   in   nwcpfiwsry   for   n^w*  tf^flc^i^>?^ 
methodology   to  b*»    Jwples»«nt»fd,      A   fikiXl    Lnni,    of   i  nno  v«it  i        tfochorn  i& 
needec    to  ooni&t   tho   tooci^nr   in  cioao  to   impieapnt   itnd  wxploro  nc?it 
teaching  mothodo.      Intservicf   troininu  n«ed»o  to   fr«in  te»rhpr«T>  to 

provide   octlvR   le^arnlnq  «nvironnontti   for   ytud^otw.      The   tcrochnr'n  rolo 
then  »ill   tutrowe  n  coneuitnnt   «no   faciiitotor  of    leernlnq   not   j  n 
pretienter  and  owtbority  of   kno*Jftd.,r.      T  hr   active   irarning  appronch 
which  may    involve   group  •ork,    tno   une  nii.ni  pu  i  Ht  i  ve   uidw,  or 

computer   Iftbt*  ro^wirp   oKppriencro  tpochortj   in   theue  wethodB   to  f»ODl«t 
novice   tpochertj*      By   wurkinti  iiir**ctiy   ititfi   tho   teochor   in  thn 
ci»«orooM,   onp  r-«n   domonstr^itr   hoi«   to    i^riw^ont    thin   typo   nf  Tp;>chin'j 
met  hodo  1  of^y 

There,  neodc  to  no  o  putsUc  d»f,r«nfjt,i:.  nf  th«  intjortnnco  of  r^u th,,,mut  i 
through  librorieu,  nui^eumf?  ,  dit^piiiyi,,  parent  And  toother  intji-rvAcr, 
Shopping  miviln,    fi<nt?  nthpr   puhJic  lOLotiof^a. 

Although  the  Nntionai  Science^  Foundotion  h/i«  n  oc  J  i  r  i  t  «t  i  m  on  Trnonpr 
Enhancement,    *jl    prrn»r»t   ono   ^loosio   to  ho    o  prof  onul    qr^int    writer  to 

attain   the^r    fkinOfi,      Thn   t  wrt-cnt    procnni>    i too   tin^t*   conr.uwinij    f  t.r  i< 
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go«d  i<3f^;jf,  n*-«ii  •i»j|.,.fuir" t  i^nti  i  r  ni.  t  i  o *■»  i  1  H  niritim^  ,jnil  tif- vf  3  nfi i  i* 
proponiil    wrilinf?  pf-ornn'^, 

Othnf  i*rr»  iff,  ttujt.  nr>f?4l  uttnntion  int.l^-Hn  t^i^  j  j  .  v  * » J  ,  f»n.f»  n  t  v)-!.'-*""" 
fiupporlr,    r  EVif  rrrntm,    t^nl   ririn«|   l^^(',r    qr-oup?.    t^JJ^t^.rr    f  o    cl  1      ijV.'. . 


miitr»«"nnnt  i  c • .   i?i5tii  at  i  ofi «  ,    co  3  i  rtr  t  I  v p  5  y  ,      <>        *T*it  icn    r»r»r»t1   Id  *it.  rivf 

f  ctrji^i  <l.^t»  1 '»   »«fffi»*t    f,ow«i»'t5   thin  n<^f1   r^inuifJ   rwft-*     i  t      i  n  f  I  Jirn  r  1« 

^  i  nr  «»r'0  J  y  , 


:  t  o  r    n  f    ti^n   i  m  r  v  \  i  f^rtc.  c    in    T  i  m  1 1-  ?i  i  n  *  j   w    ?  h   [t.  .  j  t  i  t  < .    r  r  o  j  r  i  t 


J^mifiKfKt.  Wwdr  Kiind 
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ASSOCIATION  OF  UNTVERSITIES  FOR  RESEARCH  IN  ASTROIWMY,  INC. 


182S  NAssAcmmrm  aveioic.  w.w. 

WABHSmmni,  D  C.  20036 
203-4893101 

GoetelLOeitci 


Ghaizsan  Doug  lifiiXgrai 

2241  Roytum  House  of  f  icse  Building 

tAishingtCIv  D.C.  2051£^3818 

DsarMr.  O^aiiisan: 

t  «a  rg^gnding  to  a  re^jest  tram  the  oaaaitt'»«s  staff  to  subait 
ag^cnentary  infcaanation  fca:  the  Manii  14,  ldS9  hearing  on  astronoBV 
si^pfxart  ty  the  National  Science  RsisidiatiQn  {NSX^  * 

^  ^  middle  of  this  century  a  few  private  US  institutions  had  built  the 
w^ld's^ander  telescc^.  An  elite  of  astraiCBcss  ftco  axtMnd  the  world 
had  Joined  these  raganizatiois  and  vas  using  the  telescopes.  With  the 
eitlt®  iBuverse  to  study  and  few  jaoaier  teleEsoqpes  available,  little 
*BQving  tiao  was  left  ftar  astnancBczs  at  other  instituticns. 

m  1960,  the  Association  of  taiiversitifis  for  Iteseaxch  in  AstrcnoBy  (Aim) ,  a 
nor.jiTOfit  ccaporation,  vas  fonned  to  pmoote  astrondsy  and  to  establish 
national  observatories  to  which  any  astmxtaear  i#ifch  a  good  idea  could  oane 
and  jTO  world  class  telesoopes  re^udless  of  his  car  her  institutioml 
affiliation.  Today  AURA  includes  twenty  piBaier  US  universities  and 
cperates  the  National  C^ca]  Astnonaiy  Observatories  (WOW)  with  sites  in 
Arizona,  JiJew  Modoo,  and  Chile  for  the  ?C5P,  and  the  S^iskk  Itelescccse  Scicncse 
iTffitltute   in  BaltijaOTB,   Maryland   for  Guided  by   its  BoanJ  of 

OirectOFR,  Aim  Dversees  these  national  cent£3^  and  brings  a  univeiBity 
parepectv^  U>  bear  on  their  qperation.  m&i  an!  its  Dixectora  are  trustees 
ai^advDcates  fear  the  oaitc;s'  missions.  The  OiairraMi  of  the  Board  is  Dr. 
RQiaert  Noyes,  PtDfessor  at  J^rvard  University,  and  the  Vice  Chainian  is  Mr. 
Barry  Albers,  General  >fan^er  of  San  Diego  State  D^iversity. 

y»0  and  its  graindbased  observatories,  IUcb  other  national  and  university- 
oteervatcaries  which  depaid  vpos\  KSF  funding,  have  exppripnoed  sharply 
declining  budgets  {aidosuiB  1)  mm  as  the  jniasion  ay>i  the  quantity  Snd 
quality  of  desaand  for  facilities  have  increased.  TJitw^  austerity,  NQto 
has  ^  its  doors  open;  and  through  ingemdty  it  has  Maintained  leadership 
(mclosute  2).  It  has  develcped  a  visionary  yet  realistic  plan  for  its 
ft^me  (encloBure  3) .  Vet,  it  is  now  so  -^lierfureted  that  evcj)  smll 
turther  reductions  in  its  Ux^t  wuld  cause  telescopes  to  be  closed 
(enclosure  4) . 

QxiacsunsB  5-10  piwide  material  iihicii  denxrotiates  the  value  of  astirsnory 
fc^  scienoe,  tectoology,  and  education  (5),  and  which  indicates  that  this 
valueis  reoognized  and  shared  by  wany  Aoaricans  (6).  ihere  are  also 
omenteoi  the  relationship  between  grtsiSY&i^  and  sp^  astrtray  (7)  as^ 
on  a  ocnparison  of  US  and  Eurqpp«n  groundhased  astrrmay  pnanrai©  (8) . 
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Chalrvaoi  Doug  Uadgren  Waaxfi  14,  1989 

MJUBerica  it^noxw  BStranoey  at  its  peril"  said  JUd^  Hildenthal  in  an 
fldltariiil  in  the  Houstcn  Oitcniclr  earlier  this  yearl  Indeed,  funding  fc^ 
^coundbfised  actnancBy  is  net  aonnensucate  with  its  outstanding  inerits  for 
scdsioB,  ttxtfnbl/afj^t  And  culturo.  It  now  needs  a  jutruncj  xestox^ation  pragrm 
at  tte  NSF. 

MX&i  appreciates  tiiis  jpportunity  to  ft:«^ist  the  ocmittae  in  its  eroluaticn 
of  NSF  astxonocy  and  urges  the  cxsa&ittee  to  endorse  KSF's  5U|j|XJit  for 
reoaarch  in  the  physical  sciences. 

Very  sinoerely  3inDura, 


GDBtz  Oertel 


QidosuxBs:    1.    JKF  Budget— Astrcnony  r\axling  for  1984-^9 

2.  Science  Hftgazine  Article 

3.  Susary  Ouetline  of  the  Plan  for  the  Fiiturt      tte  National 
qptical  AstTtsncny  Observatories 

4a.  Report  of  NSF's  Ccninittee  on  Optical  AstToncny  {Tape 
ccnmittoe) 

4b«  ^jetteo:  frcD  Mr*  Ifarry  Albert  to  Dr»  Harren  ^ker  of  the 
Natioral  Science  Boiuii 

5.  V&lxet  of  Astrmocy  for  Scicroe  and  'Bodmology 

6.  Wide  Kooogpiition  of  Merits  of  Astrunceiy 

7.  Relationship  betMeen  Grounc&ased  and  ^xk»  AstnncvY 

8.  OQDipsTts  on  l^ircpean  and  US  jpttsgraxos  in  Groundbased 
Astroncsy 


Sf 
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NSF  BUDGST 
ABtxoDomy  Funding  1964-89 

PERCENT  CHANGE  SiNCE  84  !N  88  DOLLARS 
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TESSJMCi  14,  1989 


Budget 


¥ear 

1984 

1985 

1986 

1987 

1986 

1989 

1990 

mic 

6.1 

6.1 

5.7 

5.9 

5.9 

6.3 

6.4 

optical 

23.2 

22.8 

22.7 

23.1 

23.3 

23.7 

25.2 

VI£A 

2.5 

9.0 

8.6 

11.4 

11.6 

12.0 

12.4 

17,8 

17,7 

16.7 

17.0 

17.3 

18.1 

18.8 

Itit  .Radio 

20.3 

26.7 

25.3 

28.4 

28.9 

30.1 

31.2 

3  J  .  / 

<>^A  1 
ZjOm  J. 

60  1 

62.8 

ueX  ojl  Ui>» 

jtl  ft 

mm. 

AO  »  J 

27.7 

27.9 

31.2 

n  o 

V.  w 

o  n 

vr  .  V 

0.0 

0.0 

0.  i 

77.3 

B2.8 

80*2 

85.0 

86.0 

94.0 

1320.3 

1501.8 

1523.9 

1623.0 

1717 . 0 

1885.0 

2149 . 0 

In 

1988  $s 

Year 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

KMC 

7.1 

6.7 

6.3 

6.2 

5.9 

6.0 

5.8 

Optical 

26.9 

25-3 

24.9 

24*3 

23.3 

22.6 

23.0 

VUA 

2.9 

10.0 

9.4 

12.0 

11.6 

11.5 

11.3 

20.6 

19.6 

18.3 

17.8 

17.3 

17.3 

17.1 

l\3t.Radio 

23*5 

29.5 

27.7 

29.8 

28.9 

28.7 

28.4 

Itat.  Ctr. 

57.6 

61.5 

58.9 

60.2 

58.1 

57.4 

57.1 

Grants: 

32.3 

30.2 

29.0 

29.0 

27.9 

27.9 

28.4 

Other: 

Astroncny: 

89.9 

91.7 

87.9 

89.3 

86.0 

85.3 

85.6 

NSF: 

1534.5 

1664.3 

1670.6 

1704.0 

1717.0 

1800.2 

1955.6 

De/inflator:  16.2 

10.8 

9.6 

5.0 

0.0 

-4.5^ 

-9.0^ 

(jperoent) 


^  AssufflBd 
^  Assumed 

1 
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FEBfflRRY  14,  1M9 


Baroejit  afeare  in  NSF  budget 


Year 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

wac 

0.5 

0.4 

0.4 

0.4 

0-3 

0.3 

0.3 

1.8 

1  A 

1.4 

X.J 

1.2 

Vim 

0-2 

0.6 

0.6 

0.7 

0.7 

0.6 

0.6 

Rad-VIBA 

1-3 

1.2 

1,1 

1.0 

1.0 

1.0 

0,9 

Tot.tedio 

1-5 

1.8 

1.7 

1.7 

1.7 

1.6 

1,5 

Ttot.  Ctx. 

3.8 

3.7 

3.5 

3.5 

3.4 

3.2 

2.9 

Grants: 

2.1 

1.8 

1.7 

1.7 

1.6 

1,5 

1.5 

AstLtioncinv  I 

5.9 

5.5 

5.3 

5.2 

4-7 

4.4 

100.0 

100.0 

100.0 

100.0 

100.  0 

100,0 

100,0 

Penaent  ctenge  versus  prior 

year  in 

1988  $s 

Year 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

NAIC 

NA 

-5.6 

-6.5 

-1.6 

-3.9 

1  Q 

J.  •  7 

CJptical 

10.9 

-6.0 

-1.6 

-2.6 

"3.9 

-2,9 

1.4 

NA 

243.3 

-6.0 

27.7 

-3.1 

-1.2 

-1.5 

Rad-VIfiA 

-17.8 

-5.2 

-6.3 

-2.6 

-3.1 

-0-1 

-1.0 

Itt. Radio 

-6.3 

25.4 

--6.2 

7-6 

-3,1 

-0.5 

-1.2 

Itot.  ctx. 

16. ^ 

6.9 

-4.3 

2.3 

-3.5 

-1.2 

-0.5 

Grants: 

26.2 

--3,9 

0-2 

-4.0 

0.0 

1.9 

Other: 

Astroncroy: 

19,8 

2.0 

-4.2 

1-6 

-3,7 

-0.8 

0.3 

NSF; 

16.9 

8.5 

0.^ 

2.0 

0.8 

4.8 

8.6 

2 
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Vaar 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

v«  V 

-11  7 

optical 

0.0 

-6.0 

-7.5 

-13.4 

-15-9 

-14.7 

VlEfi 

0.0 

243.3 

222.6 

311.9 

299-2 

294.4 

288.4 

0*0 

-5.2 

•11.2 

-13.5 

-16-2 

-16.3 

-17.1 

0.0 

25.4 

17.7 

26.6 

22.7 

22.1 

20.6 

Itot.  Ctx. 

0.0 

6.9 

2.3 

4.7 

1.0 

-0-2 

-0.7 

Grants: 

0.0 

-6.6 

-10.3 

-10.1 

-13.7 

-13.7 

-12.0 

Otter: 

Astxtaxciy: 

0.0 

2.0 

-2.2 

-0-7 

-4.3 

-5.1 

-4.8 

NSF: 

0.0 

8.5 

8.9 

11.0 

11.9 

17,3 

27.4 

3 


o 
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Itm  lead  article  in  Scienae  Magazine  (Oooenter  2,  1988)  features  NCftO 
zmearti),  Hie  article  dbKMs  han  nev  aetactor  technology  led  to  a  10,000  to 
100,000-fold  increi^  in  telesocpe  efficiency  for  infrared  li^  «hidi  can 
pBUBUaie  tJie  dust  dcufe  in  space  ^Adch  oiascurB  nany  parts  of  our  xmlverse. 
This  c^aened  vp  new  vistas  such  e&  isiique  vio«gi  of  "star  nurseries"  within 
dust  clouds  and  of  the  center  of  our  own  nilky  way  galaxy. 

Qo|iy  of  article  folloMs* 
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Astronomical  Imaging  with  Infrared 
Array  Detectors 

Ian  GAiXBsr,  D.  L.  DePoy,  A.  M.  Fowur 


Greedy  fyotn  tgdsioioyol  ^novg^km  aad  that  cash 

tnri^tfi  isto  tte  natmv  of     uninenr.  Mknt  icGCathf,  the 

wMcmcAfl  mOA^  of  ^frttfcd-waahivc  nwo-d&icn- 

liuuiu  «jT»y  <tetcctpri  Im  led  to  liraomic  imptt^vtiBcma 

fai  tfee  fipwiffitiet  of  copwirttonil  uiminltMicfl  oincrvji* 

«afki.  TlW  ia^pict  of  tfeb  new  fi9C&f4ps^ 

it»mtfag  of  «  wkle  rvkty  of  phmuBimi  is  IBitMrmd 

bene  hy  Isfirvjwd  pkturu  <tf  sttfoformii^  WKhawBy  of 

tiebvdac  |KiDdiicc4        Itft  iif^  of 

^  sudots  of  oor  own  gpikxy  (the  MiHcy  Wav},  «nd  of 

tcriv^  io  odicr  gaUxkiw 


IN  Tf*l5  CtNTl?»T  WF  HWt  ]£AILNFr>  RT  ri?nilfiWi:£  THAT 

mvm«i  twnuMTrt  the  fim*Ur7Kmi/  imfUHtanir  tit  i^viinig  t>'ay 

Ow  111*  iV  *i5n»WTiMMit*«m»  i/f  thu  f<rr»pw-tnc  WJ»  Sir 

fc<7i  the  %«iv.  m*k  «i  ISWV  S'rr^Mps  ftwn.  «  »  MKfrtMi^ 
\nlT;urd mnmtitm  \rAS  nn«  »\i  hem  hijK  nplo^ni  Thii  HOfiocu^ 
true  h)f  ihustf  infr^rn!  ^.tMrimj^^  dui  pcncirair  thfTM^gh 
r-arh**  «n>ti5«phcTC,  hrcjuv  ihrs  i^n  Nr  haiuwi  with  nuttsag 

hmtt  up  f^m-h  and  |vinH^K  MMrif.  wigk  ikicxti»TN  h>  rmning  the 

uirmimui^.  V?mhcr,  u  luiijts  tin  ^pcuivt  ^kiuiiv  f*t  the  imj^, 

tVsfHc  ihoc  Jb^alfrs.  .»H«iV4ti<n»  4f  >nhjjr«i  w  arc 
lliif>OTta>K  hcL.>UMr  i>f  scvtt»J  urt^or  #»dvAmj^  l-ir^r,  num'  »^th>1 
{A^t%  twnh  tf7T?prr«njn:>  }f%*  ih^i  iN»uf  1000  K  i  Tidwlc  jnrAim- 


piiucta.  «.1(iuils  i4'  kmitni«riUr  or  mtcntdUr  dust.  Second^ 
infnand  rai^kitiim  ^KncTrasct  it)nHj|;h  dliaotfi}^  idost  *vn'  inuih 
ifmur  cjuiiv  dun  ufmial  li^-  «  wc  «#  «x  l«cr,  iht  knttcx  tif 

ntfitnvW  brvchf  in  the  otfir^mS  Ttund,  hc\#w  t4  the  itt»fniikigK4i 
mlihth.  die  ufocal  (cAtiei  uf  distant  f)l^i:T<i  imnr  en  kmgcT 
wi\T}ci^(thft.  To  iiumptrc  tht  opftMkl  ihtfxmistm  »4  vny  cfasduit 
^jj»m  md  gkli3ur*  iviJ)  their  nrjrii>-  oHatmpam.  m^orrd  idm* 
•urcmrrTCi  arc  rrquirtd  (Akhixiph  the  oer.n  *flTframr  m  width 
used  tt?  docnhc  am  wi\rkn|^  between  1  «^  lOUO  jon,  w  wiB 
cui&w  our  jBfcmmfi  here  to  rcUift^  ohtiined  tn  the  vtv^kitgrt^ 

C>Tr  the  Usf  two  tkcAdcs  t  ojvi^nuitky  1^  d«Nik^ 
has  tMixcded  m  diemosvrrxv^  «ome  <tf  the  vim»rs  <if  mfr4ivd 
jstmmvm  wish  pr^rasmr  Hstnoncnis,  imd,  nrr  cuRaacna  of  thr 
pofinxtul  Jdviiiujtes  of  even  a  mudcsx  cwxo,  they  ha\x  also 
vijcmwdy  pmsscci  the  }>a»Mky  of  ie«h  dopal 


fig,  1.  OnitiyiiLn  of  t^jfiul      tnfiarrd  sn^yct  of  thf  Mr  IbmuOon 
ttptia  >^  ^4nken  «  itop>  0  7  ^m,  dne    ihr  ffd  end  of  fhr 
z«i^.  «9d  (tMaittoOf  2-3  fKR).  The  DiPEum  wesr  aitn  n  Ac  Kht  TVik 
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ifi(ini>  to  dedik  wfakh  aMvfk*  fa  (hixm  md  €m  <iit3k»  wot 
Wf  «tararf .  Ka^4  if  n  w  d^vcuacii  end  liopc  ito  fhrsr 

«9  •can  prim^iv  when  iX0f^mtd  widi  iHe  fikni^  ^  «ia  |9« 


CM.  3AM  ttfcro  *wq^ 
I  «Me  tan^^M  flier 

4»QE«d  OB  IM  00  mi 

idir  h^wyn  cBaMon  Sodi. 
No  4»n«stion  hi*  bcx«  SM4r 

Inv^  At  docrM  in  ite 
fcA,  •  rim  of  miiwMi  ip- 
pcm  fi  alic  'SkttM&it  *  Tfct 
kaaiBa  WOT  au^  tbr 


EtfiiBr  thb  deiadc:,  mcukxriijenvni  came  ftwn  the  mdb  of  nm 
cmra  |WQ9eaB,«ac«  tht  NASA^Uodtbid  !^wc  F^|^  t«nicr  (I), 
the  other  «  dir  Urarenify  of  Rixiicim 

wmkngdb  imipd  10  lun,  and  the  Icnxr  hum  I  tu  5  tun  U  bath 
«3Mts,  4ap(«c  dx  modest  dctcoor  »cxaihv«y,  tocftd  sftnancmd 


Ort  the  faM  ftw  nttior  drrclpp^KJil  c&rti  Hiocd  on  mxnl 
dtfcmr  irthpiAjgiCT,  Mid  tfynt  biwJvq^  ck)K  cofohnmoa  br» 
IWBB  unitiiitf^Si  liiduMif*  nd  ^%tjuumt  n^enon^  htvr  ^onc 
abeid-  By  chtnoe,  many  of  dvae  pnig;r»i>  havr  «cbkvsd  nnoi 

•  Igfc  mjwdcr  of  CTdtHy  am?»mwai  irwto  ofataaicd  irwh  mo> 
dinwiwawMl  inhml  array*  wtft  prtmati  (S),  t4m  of  the  de»c^ 
Con  hsS  bem  ao  recmly  ccmniiuMsiicd  diar  a  ttfltfs  hiit ji^pippd.'^ 
ie  d»  (csdbryiop^-ihe  majoniY  of  dir  taiieti  we^ 

The  awUeo  anraa  an 
«Rty«  o#'  Ia6aitd  dccwann-  coosmf^  thoiMHad*  uf  dctmonw 
each  vaart  mvimx  duo  dv  itngk  detcnon  of  cafher  npcrv 
inciK*— dK  Md^ject  <}f  dw  rcYKW.  Thr  chao^  m  ciphiluy  msd 
pcri^uwr  indvcrd  by  dm  teiwAjgnal  tncotoooq  arc  nectia«n)y 
both  pBu&affd  and  cunsut^trvc.  We  dxmcfufv  j&dl  d*c  need  to  stro* 
amial  points  Fflu^  d)c  t^Mhhiy  fo  ma)^  inframi  sna^  a 
ioddasiy  ndio-  »)ddy  avaSabk,  and  fcwal  mMe  tcchnoipgica 
ciix.  Second,  thr  pKiBira  incd  tn  iiiusirttc  ntfrafod  imqpf^  ia  dMT 
fcnaHodcT  cf  dita  JTV1CW  obcBiicd  as  a  vanctv  of  tHEncnatovica 
widi  dicardiftmiT  fcchnokftct  and  many  rf  the  pKt«j'T>  htv^ 


How  atan  fovm  is  <j|nioti»lf  of  todancnral  mponamr  fu 
attiMuuiy,  Wclm«r  diat  ma«vc  tun  lwi» m cHo&n  mtide guaa 
tioipfular  chndk  bus  these  doudb  «t  (hxscy,  ami  for  fbcmaisoa  a 
iDcflcicsc.  loeviGAly,  thcsv  die  ivsnuam  doaid  maGenai  ohKUffs  our 
vkm  of  Mar  6«toikk]o.  Evrnma^  the  wacnaiow  betirccn  dK 
aian  and  the  winkindar  domi  (mcb  as  sicfiar  windis 
ar^  ^luiuaud  iaa  the  ncn  nsfaun,  and  loRUJtain  ol  ttM 
fM  by  idDBviolet  ndiaikm}  mjy  ^fivfC  die  ckaid  siifiuendy  tu 
foa^  chp  tan  dcitmbk  m  opocai  Ui^Nt^dic  C^Wi  Mdnda  u  a 

To  midy  the  caihcsi  phws  of  star  ktronjun,  ho««>icr.  wc  mum 
the  iSm  of  ohmuatioo.  Inhancd  radianan  pcoecraca 
t*  .  diacv  &r  atanpk,    die  <ho(  aif«s«a»a  the  vfOcd 

m  mrmwrA  aah  by  a  tow  of  4. 

Near  dM  ftftwa  Hanchcad  Ncbohi  m  die  aincvtd  star'&fnorig 
NGC  3SH  a  she  radia  aoMict  Omm  E.  The  radki  eajotkm 
hi  OriofS  B  ORgpnaeea  hom  a  hjndiuKcn  plagwi  iuntsd  hf  dv 
«hraviokt  nihacxin  fivm  the  iiMS^  ftani, 
otamjOKMa  faond  a  ^n^^  cfuhptfcled  star  ^^)«  faw  d>ciirv  dum^d 
dis  this  ohfcct  «n  not  aidiciaidy  hmtsnoiKi  t»  power  die  raihi* 
aoonae  (5)  The  gcnerK  {miNcm  of  3uuiiiiig  the  mrmhei » «il 
ftw$  damm  oidmdded  m  dirir  panmt  nuifctntUf  vlmid  axuriksd  in 
dK  ttudv  of  star  fommjom  sto^  hct^ise  ti  wt>  d^uh  tu  purw4 
i^ch  ohsCTvisioaii  pioNcnu  tfivtil  infrared  asray  detreturs  h(\4nii; 
ai«di^.  Tho^  soddridy,  A  hetarnc  tnvi^  Wcmaycucnptfrinugo 
ofthc^KX:2O24lvpof3al«rav«k]]^ilC07«ndIJ  1). 
"^le  dense  dm  lane  that  jurvcfw  os  hvtn  dcTocimj^  optiea}  kj^hl 
hvm  die  ywt^  stcflar  thaan  o  pcjicnated  m  the  tnuge 
The  nehukttity  m  the  sifrared  tmagr«  Id^  die  radjcicniJKHun,  cunnv 
horo  dw  Chum  B  pUsma 

On  tiie  vm^  fif  dua  ome  n  umhst  aw^pk  of  siv  fiomisiiin, 
dw  Ome$t  Nrhida  (Mcsscr  17)  This  sprctandaf  nctmda  was 
dooumvd  ka^  c^Kka!  nvdicKh,  but  cunpansan  of  the 

o^ocat  and  mfirired  sni^  iTveah  dw  srodi  of  the  aou^ 
ohaotfcd  by  the  dust  in  the  molecular  dood.  To  dhatrasr  the 
wianon  indien£?ralci^oniihrDu^iaQtM17,dBceim^g^«Tfr 
taken  thmofih  mfiiBtd  fihtn  at  wavvki^^ths  of  1.2^  ]r6&,  and  2^2 
fim;  thar  tjatse  sn^te^  havr  been  dopta^nd  HmuhxnouMsjy  m  hh«e, 
nnsw^  nd,  re^«etivdy.  InctherirMds^thaishuwMiTwuahi 
^YdKhmnaq  ryt  rc^xndcd  to  atfiwd  father  thao  d^iCji^ 
radutno,  deiicuu^  wsvckr^hs  ^bum  tbiv  tunes  longer  than 
dioac  of  visible  1^  Some  SQ%  the  huochnh  {if  «tn  m  dm 
ontge  vfttt  not  dnectcu  bdbre  dw  advent  of  inhvtd  oru^jcrs. 

As  in  the  case  of  Orkai  B«  the  oehukBiiy  in  M17  is  plasnu 
cnunjon  from  hydrogen  km»ed  by  the  radt^ion  ham  dv  youn^ 
B£ank  The  vxnsnons  die  apparun  cohir  of  die  nebsda  ciascd 
by  variatKa>tad>f  gnouwoffcaeyiiuiWdMSt,a»foSow»,  Wrhave 
atrrady  seen  ihat  ton^Eet  wivdcf^jjdi  raducion  penetr^scs  dvixi^ 
die  dttt  Rsift  iradily;  a  ajRdaiy  tn  d»  to  u  d>ax,  as  the  ainuim  of 
cifvuiuii  dust  tncreaae*,  the  unnjtcm  radahoa  appran  *Ved- 
dcr."  Thr  optical  picture  of  MJ7  ts  abn^idy  tnimised  as  die 
cifapc  of  the  ncHda,  as  thr  dust  gets  diidur;  tcrapondii^,  die 
m^^ied  oehda  apprvs  systtsn^k^  roddir  ccwth^  the  of 

ACnCJUtt  tMf 
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MRS  of  ar  piaafMry  acMi 

cm  «^  Mm  iiiiTiiiw 
aMBiMiotoi>r<l»i)ii»!»o«. 


|MQsv,  h  nmi*  cm  thn  the  moit  kMtcH»  pati  ol*  Ml?  n 

ihc  swcK^  its&r  donrr  B  appttnanKdv' d  m^fenn  mncs  dun  i<f  4k 
tw<7). 

mitt' wiD&  nuun«      m  to^irum  txi  btv«lu^ 

fbnncd  the  {8).  The.  ourfkm  cit  anAxiAs  nwama^  b  u^xn 
•feipoUr,*  lim  «  Mrcans  «  r»v  (ffioM^  dircoium.  llw» 
bifnlamr  m  piulubly  rrLscd  fo  the  dci^v  ^nucnmr  m  '*4xv 
QDOO,'*  In  partaci^.  «n)'  imad  tiMon  uf  the  pjBvne  mlaii 
l«dQid]9rurtt)ihcdnidco8^wia  («ftrT  the  fn^  duf^ 

mofBcnmm)  <«ttc  dw  ficm»ixiun  iif  «  dj^k.  The  4aX  wtfl  vt^jlmn* 
die  wind  (in  the  ^wnon  ficrp(/tdiiiul«-  to  dv  tiT  the 
^•k)  and  (mot  the  hfD4ar  fluw. 

An  in^«i«d  im«j^  of  ShtrpIcM  lOfr  (irtk^  ttidcd  linyiUrH  the 
arln  pktorv  of  MI7|.  pri>v)dc»  an  cximpk  ijf  »  tnpoUr  nrbulj 
«ici»«d  ^roia  a  p^tkulaf  K  CnwaHc  nmnumvi,  o^ctm  t»  dv  Unit 
2|,  The  >tKing  stiv  » In^Kd  m  the  diA,  «Wi  «c|w«£»  the 
two  kAo.  The  dim  m  the  disit » iwpiimihfc  fnr  die  red  ttAif  iif  die 
odn^  af  che  edj^  (i^  die  d^  smd  die  red  ur  twongc  i^^n  v4 
bwdkff  tJtgid  sun  «himng  thrnu^  the  dak  «luch  pUti^  u^rr 
•ubttamiai  amouma  vf  eitmcTKm  and  irddmnig 


Plinctaiy  Nrinilac:  Late  Suges  of  Stellar 

The  Ml  it^gu  o!  MdJar  c^tlunon  j^en  imtuhx  the  fcwa  vf 
otacTial  6am  the  lue,  and  the  kvm»t3*ifi  tfl  itrxumccSar  nebulae. 
When  the  mm  V«a  n>  njirmc.  there  s»  nxMijih  mitmaJ  in  choe 
fvhulae  lu  msijpmh  fiftiu!  hgi^  htm)  the  suf  \\  t%  ^ra^j^isfor 
ward  m  MT  dv  HT9*nn*i>rr  *Tf  m<T»rd  iih«n'jnnt»  m  «wh  met. 
LcB  tej^'  c4nt.'urcd  m*a  iuw  ncivlM-.  UKhid^  dw  tamoin  and 
o6n)  photographed  "pLnctafy  nehulae"  (rf  ^hnh  the  Kmg  and  d» 
DiBiHcfl  aehijJje  air  w^4uvmm  ci»if4n»  are  ako  guud  ta^^eci 
fiae  iHhfcd  cvnem  The  rcasnd  »  thai  a  ^v^h^  nh^uvatioud 
itraK](F  t»  ajwqach'  «\«id)k  in  the  ndraitd,  namch*.  to  uhsmv 
emtiAitJii  bna  from  drr  hvdni|^  mriltxuks.  {Ahhiiu^  wr  wiD 
iBustr^  mokndar  h)n^x^tn  tmagtng  <^  (nr  the  ease  e4  ptmetsy 
nc)xd)K,  the  trehnji^ue  can  he  j^iol  ui  mam  iircynnunceit.  One 
may  coofidemK'  pndin  tlus  if  viS  he  widch'  inrd,  ami  widi 
gMywttni  cgmcqucmrt  i*')  Indctd  une  tnt^  hnx  ffrpcetcd  that 
ohaeTTatiDm  trf  mnWiUv  hv-dnq^m.  »+iith  »  astrophyuuUv  the 
man  aly^niam  ujukiuk  bv  an  uvn^hrinw^  IaIut,  li^ndd  di^ni- 
luje  die  6»  jd  tjf  roojcculay  Imc  «nuoom>'  The  h^tku^tcn  niotetiiJe, 
hnwcvcr,  h  hi»nimuc  lear  -  and  in  a  di^tfr  ryvimem-  u-hnh 
vnpbe>  immediaich'  riv«  »r*  emi^^i  lino  uiil  he  *rak  vuHipamJ  ii> 
thoar  cf  mtm-  other  (la*  ahundant)  nn^ieaiJcs.  hirthemiiw  n  » 


d^-uk  R»  c«t*e  St^rm^  nmhcr  dt^amaf^,  ihe  IX>  nvikvut 
tiaK  hem  widsjy  ohfcnrid  in  aMnwHmr^ .  The  h^^i|(en  imik^Tuk  n 
ocucd  in  ismi|#i%m-aj  ihiida  v^ith  %tUii.mct  tn  the  apfntuimiit 
19  to  SO  Ikm^  Jtml  hi  idtiwKiiet  kfdn  m  die  wa^tiet^ 
iamd  9)  3 113  2 1  A  <  10) ,  the  ckotic  ^tta<hvp^le  timiv^ 
fferjbut-ftiaocn  speskHisn  <»□  he  ohimvd  in  dv  tafrared,  j 

A»  it  happens,  both  molccidcr  h^idro^  oei?«t»io  mcvham^ 
itny  plss^'  ofiemr  m  pianetai^  nelul«,  t^cvKssc  the  moM  ioto 
wind  from  the  comil  ttar  i:an  sbridi  the  cmeli^^  and  idfra\ii]|R 

fim  the  aa^  ncnsw.  H^tisuiriy  the  frUmt-  wtrt^^  <d  die 
cinmaR  bnesRawkinig  frnrn  the  murttitann^n  mnham^  are  m- 
difeoit,  and  to  WT  can  df«taigunh  hetwctn  diem, 

The  ioesixcd  gsi  in  |4anefarv  whube  ft  ca«y  m  drrevt,  and  hat 
hem  sDadkd  m  dctld,  Nit  dctoctii«n  <if  die  nrisra^ 
pfocm»  nnwc  of  «  miimc4d  ihaSn^  Wc  mrd  ti»  knu**  die 
dkUiiUaiui  df  ihr  ooaral  in  ofder  ea  vrack  a  htf)damenrd 
unpolvTd  ifueatwic},  aamrlr<  that  of  the  ph\^H.a!  fTiorham^  that 
eietts  and  «h^ics  the  oujflowv^  cm^Siipe.  Ajt  tnmrsttnjj  h^m  uf 
J>Jar«ajy  neHdae^  the  •^htk"  ttr  liunrf  "  i\-pjhcd  hv  the 
I>isn4it<^  neMa  (Mcater  2'^K-»a»nmutth  iNimi  mdsvailaf  hv 
dnofoen  rtmMsnti  (H)  ha>T  <ih«cr>ed  a  deft<»<  nit*k>ailtf  H^nM 
»oundthe'\i'aiszlBW^(d^soTraliiffheM'i^ifnt«;  Ff;  .^n^ian^ 
of  a  ocbuja  kntwn  »  i  '.RL2QiA^  (the  tomid  ^ipc^  at  f«Kifcitnm  m 
tun  &m\ibT  ptfehn  ax  die  wabdine),  TV  murphL)k^ieaI  simdanty 
hctHTcxi  ih4i  hifi4;tf  nehtda  and  dr  wunf^  uhfco  ^thofpUM  106  n 
wrdtttquthcappcaraniTtrfcadipdicatttdH 
ihsk  that  tfufianaee»  an  uutftw. 

CRI  JiStift  was  e»i}y  idem^cd  «$  a  h^iJai  nehuli  ftpm  iipnol 
cAttenanom.  Antuhcy  j»Unctarr  nehak  rcU7,  cadwhit* 
hmt  fifh^tUmy  in  fiphut  tir  radio  tl^  4r  The  iim^^  gas 
diwibunon,  lahrkd  H  11  iimagcd  here  m  die  p  ^  7  4  mnmh 
nation  Jmc  i*f  Mivna.  h%dn>gcn  «  2  17  liiom  a  hn^ 
dwll  In  ?h4?)>  »KTtra^  the  imiteculaf  hs^ln^^tn  smMfc  cxhihin  a 
btjiular  smivrar  and  a  demc  twmd 


f%.  H  A  I.2-pja  wfrared  pietvff  mv  pkcuc  oneer  ttm  «tsh  dK  Kjr 
Tttk  Namaf  CNenraiDfy  t  l-sn  ivkicppe 
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1^  Ccmrr  of  Chir  Gakxy 

wsSAa  txmaksHy  cncrf^  wfivm .  The  oxfi^v  drmor  w  wiw- 
fwm  «i        Aji  die  iJohr  \twtan»mir  plimuil  cifAwaim 

The  i«pdni»t<«^(^  pUty-4)K  Ktilky  W*^  -»  mm  100 

Tbi  simpk  fwpndcs  ta  «nth  «  amfidSii^  iniicfviiion  to  stvdv 
Ac  giiiaofc  anitr.  6ir  w«  «r  jjiirasw^ 

cf  fM<  f^Abxy  a  «  oiunnua,  Sniracii  very 
ih«  m  in  miny  fmbar  (>i(iitio 
iMH  in  tbs  link.  C^ptikdl  xsmmonicn  cammif^  ^odbir,  optoit  om 

OfKicd  nffobmi. 

Tbc  poution    the  nuiJew  wii  dcfcmsnod  liv 
t»  »r<  19M  if2K  ind  i  hf^  both  cf  ii^bnn^xi  has  been 

cn,  M  4e9cfd«<d,  fin  cMOpk.  w  tbe  mem  >»ii^iuiiin  to  honor 

iiDQ  11m  t«(vHkiiitfnfa^|fBSc>m  nuclear  aomiy, 

*«VB  (SvcuHMC  v4  the  imy^xjiiDra  ilia  rrn^  whiui 
W  Qo  «w  ^iinijaiofi.  fv  ma^  pnhcpi  be  m«»x^ 

Ac  lymioB  disk      a  Madi  bplr.  ««>  of  ihc  %«ioiia 

fcjpMhoef  «T  pimM,  for  euoipk,  by  ifar  ilniK  ihc  «c&r 
ftyuiaiww,  ineanownwi  of  ibe  <&i8ibiit»pR  nf  sait^K 
nd     docnsviiJtjuA  i4^iSc  kincmcms  ul  the 

The  anptct  «^  tf^aiod  omci^  on  thn  (idd  t>  anvTOui  A 
mAm^mMMMXuf^.  S.whidtwaaohumdsikitiban  I  bot^at 
a  SO-sicb  il^-m)  icJcHMpc.  v^btcb  ibm  a  22  kns^  of 
^  ccmni  100  o   g»kiy.  The  madcw  »  yitmiMJua 

m  the  cc«tr.  l^onuoib  ci^  Kan  air  dcsrctodL  and  die  aiitciioa  nf 
Ibr  pUoe  of  ;hc  gAim.  *tuch  rum  fnjti\  appcr  left  to  krwxr  nghf, » 
cvid0)t.  A  lui^  patch  of  mmm  m  mm  panflcj  to  ihc  pine; 
A^alacxd  dimm  lo  the  Idt;  tha  a  ttiacd  t^*  <tmv  m  the  p^sKtK 
fsiaacL  Ckie  fruy  wwnAliaWh'  dnSua  th»f  mff  vam^  pntm  (cbit  a, 

i»»«y   

More  mparcmtf ,  ibia  es^tKr  pnivnio  atfne  pcnj^tnv 
praOKa)  am«a  vmiKvil  m  tb^-  aoiibe^  of  tbi  n^actv  center,  aad 
*Tvi*y  itfiiMawiaw  bow  «m  »  mntpi  frvlKrm  (lonftmed  *c 
obimcr  tang  a  ac^  dctoovr  ;t  maU  k»ee»  rmcs«By  to 
poinTtisetdisaipeaiba^amidQ&aepcKak^  memleTtu 
UbU  up  «  pkxisv  2£k  Fif .  5.  Tbc  fvwanS  lor  nich  a  hem  ci&n 
•vvld  bm  bccD  to  asrfnix  bcad-m  ihc  4|iicibon  bf  ttk^ 
tbouMncb  of  nm  mc«M  to  be  itudicd  m  imne  <fci,NJ.  and. 


^►^A par rferajs «piiv*ti» difcyii^  i**^ w i(«M«n', fjwn •  2  2  ^ 
«™«*«*3|ew  NOC  lO0t  nan  iTfthdy^C' camera  icnainKiedtf  Ibr 
Tcto  Otwovwy  cf  ibc  i^mfcney  of  CbK^;  «i  tfar  UmvnHiy  a$ 
Wjwyny  lofrifrd  Ot»(n«i£*v  3  J-oi  fcimoyc.  couRny  i4  H  Tttfcnacn. 
y  Wpqd>  and  A^  Hypo  {Lilt)  uneaj  the  cnn^Mcr 

bn|bc  mxkxM  (MbM)  indadsy  a  ishIit  fai^  vi  iracmioei,  4bp«v  the 
^wal  KTuenvr  of  Ibc  faUiv 

a  MK^SaaSB  f9«l 


temeMbcr,  ibe>'  mniU  nerd  m  he  Audied  one  at  •  iwie* 

Vim*^  tvay  tv^ptrmKnt  poiomicd  heW  tben«  waa 

wsxsaanJ^  b«Kd  f»  |Mcnwm«d  »dcat  ^boiil 
d^Kton  nc8»»«  ih*»  bi*»,  Dw^wmea  psnendK'  fottow  awi^  in 
wch  cnvumuaiKo  The  ^  fUNfid  of  *«nniy  «^  Mtn^  he  ft? 
flppm      doraaaaEiBai  oTiboK  pb>«^ 
mtm  bcivily  in  Mmcm  ataalyiet;  die  i^ppca  ci  «m  pmc,  ^ 
osirataoii  fbey  nfc  bom  nn9>«»&i|  ^itt, 
m  ^paoe,  *e  OLkmKm  of  tfie  PPftind  and  lOEikeuiar  cbe 
d^naim  of  ihe  |aa  and  itan  AB  tb^,  and  more.  «tfede  ild^scndf 
Manbst^  fat  irk«abn  wf^ncnv  <<i  hUc^  brie 


Acchr^  in  Chbcr  Gabuk« 

In  aifaer  f(d«iks  hixb  the  jNKiiint  of  nar  ^Mputi^  jnd 
^towo>ifyoftHcmidewaauiiMji»mi6ywe«oe»CTftbM 
|priaiy.Theib<kiontt»oibkftt<rofTf<i<al<i^ 
can  tuuSiSciiiIy  macipxe  (ftfuw  cumidcfaijuq  trf  the  9^scd  |*:- 
fiBCa  cif  <w  oiirtt  italoy )  lbs  u^vtd  innuia  of  ote 
pitiwfc  sew  utiii^ua. 

F«r  aaon*.  the  ^ay  NCX:  IM  ha*  a  hr^  mideua  tw> 
Rwodbd  ^>  a  my  faiim«M  M-^wmi^ 
jncKi  is  ibamecer  {14}  SpcaOatioR  atm  fbe  rHamnbip.  rfany, 
between  ibe  cops^pia  ntxiear  msec  and  the  cumdul  sar-fonm^ 
lepon  hta  abounded  AccmiancfmaRiuiiiocutixnutieva^cvtfae 
ifW^^  ^  foitBaaoo  by  n  cspkwod  m  tbc  midciii,  mt 
(ii^iittf  inensrim.  llie  dtio)*^, 

Saelliee  iIRAS)  «nc&ie  cr?).  of  *  (MtaNc  (omittion  iMwicn 
nodcar  himttioiity  wd  ibe  prtaefMr  of  «tHar  ban  (M)  lot  id 
aqgtEPtin^  rf^  faaebkc  agueearea  aw  unpoetam  at  radiri  waoaiMii 
of  mattnaL  Ivi  opocA)  obaemiium  £bM  to  a  hot  in  NQC 
106«  Tbc  ofjoctj  otmasT^m  mi>\  of  cat»«e,  b»*e  bed)  hanpefed 
by  dttM^yid  ire  aboams^  baaed  ^^tfiebe^cpaM^ 
rftcndy&vmcdnBv  Infiptd  otmrvauuta,  bradea  peaoroy  the 
ifast,  ce  cKccOag  tnocri  of  the  uadulyii^  arfae  caaaa  dapibiibesv 
beosve  hab  fxisovciy  cooi,  be^g  bved,  Vnv  ntaaa  jiaia  wfikJi 
toRipnie  Ibe  biA  of  the  «c£ar  ma»--«id  old,  b^  <«ic4ftt!^ 

omcm  dumbutjun  baa  been  tiiamiMi»d  by  the 
jpantfatjuna]  poieoda]  of  the  ||^a:iy~fMSi0e  petdouiiBtacly  si  ibe 
nfraecd. 

Fi{(ure  6  n  oiQ^pMed  ttf**  pftu  of  pnitf]^  ipinn^  diS^^ 
of  mmtsy,  pivdaecd  tram  a  Z  l^n  infiraied  sa^  of  NGC  lONI 
{17).  The  prsv  on  the  obbia  ^linS  acnxtsir  m  fbe  fptlaiy 
SMniir  ibtf  asen  tn  opckal  pbofcyapha.  The  pnm  on  Ibe  kft 
rrrrab  a  dear  secfljr  bar,  mch  ansbby  ifval  anna  enwues^  bvm 
eabrr  end  Tbcie  anm  iom  peffetfv  ooto  mnkii^  aim  £eaniro 
dH.if%Tied  m  rsdci  mhu&iuijiiur  tibienvtinQi  Hit),  pembi^ 
asxmticu^  mppon  for  the  ne<»«i  uf  mOar  ban  at  Wfgen  fee 
ommsuidEv  maaa  mmpcvr  and  «r  ftsiastvpes 

Onthe  c<bey  hwd,  >K1C  253,  a  narfjy  «irb«w 
aeeined  fetm»  ofxica]  and  exrbcr  infrvred  acaiMwi|  mesRumsma 
( t9)  to  knd  additnu]  lupporj  to  th»  theory  of        b^yr,  a 
dsflbem  toipemian  when  tm^l^  m  liw  mimed  F^^^ 
6wtj  cpociJ  4nd  inftmitd  pietMre*  of  N<X:  25i  TV 
IS  ot^^Kunty  beavily  afitcted  hv  sbm.  The  inlrved  ptcture,  aiibo«^ 
«»iifny»n  the  txatmct  of  Che  ciDf^atsd  nraosre  &Mnd  tn  the 
carfaer  vuri,  ahcmi  that  the  *tw"  bends,  and  nw  be  « least  in  pan 
a  ^JeraJ  arm  Funhemicte,  iheie  »  nn  bsritlcr  ^stoftm  of  the 
bri)(hfne»  dismNs»)  appmadwif;  ibe  aoibiinc  noefcia.  An 
ted  fimw  of  bmid        IpOaw  •ifl  furdv  he^  rfwtfr  ibe  rok  of 
srHUi       if  any,  m  tran^wetHTg -furf^  Bwafd  iw^ani  the 
pSxaey  theix4n  -r<4rTdpKtufehe3etiddf;davcdm'*&2Kadoe'' 
the  diibiiju  co^oei  ojrrespond  tn  difleimi^  ieteb  of  simjsiiy 
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CM,  foHiiMii  wm  feaM 

I  {M15  Afii»a*v  UjMi  WMjtet  crnoc  ai 

tAacofK^wamafefa  tkkc «ai Ut.  lit ifirin ffc  «ai  *»  tm 


Alp  i4#  tdkeu  iiifiti  1^ 


m  Ctamiim  fil «  «ic!iifii  »W  dftiol  nid^ 
ukeia  unck  tftv  Ml  ft±  Niovvni  Ob>u*iHJiy  I  l-m  td^Kope.  TV  n^k^ 

(br^teno*)  fur  radumm  ji  »  iijvTkii);rii.  i.iiiiicr  <K«n 


acsjon  of  liir  s«B»  tur  m  MX*  IOft«|  nw  «mtoUc  ^  cnlumc 

would  wty  piuhihf^-  licjiustf  numul  t»mn  the  g*U».tit  mKin. 

•^lip^njl''  the  jK\ntiiin  M  4  bJxk  hofc,  tl  w  imr 
pcncm  Thoc  tir  pbuwNv  the  rcMMwts        the  JRA-S  »atrlTtt 

in  i^f  uimmc  THr  imstttitun  sun     the  <ram»ikr  mitmil  m 


thr  i,hin^  rmammwi.  Tl»  WBi.t»m  md 

V)  pmdkicr  a  iAi«uiie  ippcmncc  m  (i(^kl  fihi«i(prafh«  The  Uikt 

Op^ictidiakfirthciikfyArpt44  <MiC  71009)  imkda 
•«n*^  oifvv  •^MdttJ  fB^-  (NOC  >M«)  with  «  ^)hrtwd«l 

limi  filtii^  v^hiM  diik  had  been  iirif»t^ 

m  {itKvAk)  uWfsiiMtK  Hmd      Mna  hy^^ngcn  {2(Jf)  The 

infrM«d  imii;^  m  1^.  8  kbowi  dm  Alp      wai  jKAi^ 

m  caoMMcT  bcn^vm       tunktiy'  m^vc  j^^bm  (^n  Thr 

fsaactim  ivahm  d«  ra^  of  MiC  71(29  ts 

nwicw  at  Qpcwd  wivde^^iki. 

Ae  flfCk^  and  ia&«cd  imisrs  ufihc  9«GC  40Aj&4«l3«  si^^ 

«0Ckal  im^  »  drasimBy  atffitrtxd,  fpckii^ 

ct  aMT  fomunnn,  and  frnxtind  wjdi  M  f«sdics  of  ihnc,  fa  » 

dAodirtoiiMitqsBah  thei«idciflfchrm'<Qa)&d«^IEftte^  The 

idlaiod  Mi^pe  oiniiiih  kwOtauQc,  {<c^^ 

Am  thr  dandinm  «^  mrSar  man  in  ihr  fc^iws  i^h^ 

h  hm  fnsvcd  MaOt  to  dawdy  itmiaUM^  natanci  from  optical 
ffcwm*^*«  hravar  «4'lhc  wide  varicfy  «  didir  ^sprareiKc,  wMi 
IM  beco  OlMasii  ^  eun^,  in  Asf\  AtUs  iWa<r  iialm* 
(22).  IfjCMauii^  fikiici  arc  vdkuhfe  *tKst  ^^agtxkaT  iiit  vamia 
tfwMPfffeai  6«vQi^iiinis  and  mfratrd  im^ici  «an  prmride  a  ckar 
piaBBB  irf  Ar  undRtyg^t  laiiar  man  dauajmnam.  The  poiaMnr 
cxtei  fh«  djHdkaina  ifu^  hr  fwift  RKtt^ 

iWf^wimtO      pfiwc  mBfpBgaUc  witfan  the  ciaaAaiion  «hefar 
iMadior  itn^niMtcd  $atavcK  lo  which  case  wv  tm  eukc  a 
ai^  and  idsnc^  the  tyft%  t^fphatx*  that  oifiidctl 

The  ia^paa  of  dK  ted\an}a|pi^  rc%vd^^ 
aeniBinti|(e»afri>Tiivcry(in^iar*)ntvfm.  1^^,  IO>ire«amp)t.tft 
CDRpoavd  «r  GfCiBd  and  infrncd         of  the 
pitty  (Mtmmt  $1^  Thts  gataty  was  the  6rM  in  irhkh  tptn) 
tfnmsc  WW  inQCf^mrd,  «  IMS 

Tlic  MFTM  <il  dx  Utfee  i^al  i^ipcA  makh  mim  irgular  tn  the 
InfinBtd  f«efi«r  fhm  if%  ttv<iftrKd  The  am*.  »*liwh  pjtm  lu 

dv  cuiu|uu>^  B  btBli!^}^  (mm  m  chr  ^nh^urdi,  iu|{9r$ai^  thia 
madi  of  m  ciptici!  hiiraniAm^  a  hiwti  viMmg  Man  liinned  m  Ac 
pkxy^pkxf  amcmtiun  The  tiTjnjunHm  fjdx*\  n  (icArh  tn' 
ihc  in^trsd  ma^  fit  he  a  Kvied  iptra} 


Hic  Drtcctors 

The  mjn^in  i*f  mfrjird  arrav»  available  tmW  »t  hyhnd  ikvicrK 
eei;^uii^  (ram  -  pfnxsi  m  whuh  ihe  demtiin  *nt*  rr^dmfts  « 
qi^damieed  K>«aP»dy  IV  readixa  4mut  s  lahnuscd  en  ulaosn 
m  the  ufDe  w«  w  mieym^i  aivuffs,  nfutvai  the  dcjrcfwr?  ire 
made,  fior  caao^,  frnm  merruiy  cadfemni  trfluride  ^HgC^ch 
mAafii)  afltanonair  (loSb),  ptaimam  *dt^  (IHSi^,  or  eixme 
di^ni  iibum  (St  X),  Then  the  two  an  undwidxd  rufpe^, 
with  dw  dcvmc^  Bncrrovmoetjcni  hra^  nude  hy  tjidftim  iHimpa 
«t  each  «if  Ar  i^ip^  i»«r  t  ftar  dctaU*  the  iT>mmjet^ 
d)c  arrayi  m  at  skiaipei  xodty  were  ohwtw*^  ^vouf^  isJUh*- 
fatiom  with  ind««jy,  NASA,  ne  the  iVfornneiw  «f  IV^w 

Thr  muj^c*  trvUided  tn  th»  artxk  «*ttt  made  wjrfi  ^ntf  djicrcnf 
cypeiufdcftcvtir  arrayv  bvohunvtaaf  a  mm^xr  of  aortmitwm, » 
dcKTdxd  n  thr  iKtf  pangraph  These  arwuhtfrtfwpnjpcinr  thai 
carh  aawm  iif  thtiittandt  iif  dcmt^if  ekmctia^  aod  chat  emh 
ekmcm  Kii  the  vm  nut^crtuenu  the  un^  detecT<«i  tjf  cifhcr 
ctpenmeni*  RnrlK,  thCK  dtvur*  «r 


acJCMc^,  vpL  Ha 


669 


1%  f&  QmMMon  cC 
an  jndmjtf  krM3  tab 

tdj^  i^arerf  bml- 
ti>T  M  il 

TN:  l&il^  piRVRt  WW 
Snkt  tfV  TKf  OM  imR 


oyt,  xoMtfiHacwA     Ei^iwcU  Cmtcr  kn  the  M  hr^- 

■wr.  I^ihortturv  <|nJHtiUS^  «nd  c^trramd  by  itic  Umvmm  «4 

3)  A  M  tn  f4  HjtCdTc  w«h  •  davi:i'tivtvtii>n  ij^^w 
fcvfiir«v£tu}){irS  datfi^C'Cnt^M  dmcr  i(0>)  frjdMS  mvni&i^ 

l%ihviiM>'  uf  Ariaoiu  jnd  the  Aitfu|>hirtia  IU«c«\h  l  iirmxtMsii 

I)  A  S£  by  62  {nSb  «n«>  wtfh  a  tuiif ^v&mrr  is^w  MC )5I->TT 

•cr,  an4  nyrTAinJ  hv  the  rnn-mm  1r\M  it  Atmm,  ^  Vnttni 
Km$Aotti  h^md  ick^^*ps  <rKlRTK  ami  the  Smv^  «>pmAl 
AwnMXwm  t>l»m'iftirtf»  (NUAOi  (»rc        1 ,  3,  4,  ami  8} 

4)  A  356  K  256  pteiman  &diuik  StiNini^  hamrr  dtnds  m*v 

IU»r«ch«id  IVirkifmrni  GnM^n9  thr  NarMvnai  f  >ptKa]  Aunintf 
tm  OtMcrvsnjTV  (Nt>AtVlRfikl>5  fur  V,  And  HI  ami  the 

a»ma|'thii  tsutrf 
Tlir  HjKlVn'c  aiTa>  (nw  Hfici»*c}t  VtrtHr  l-tiurr  jnd  itic  InMt 


tc  f«an^tk»  pmrtnvU  hnr  ikirtmi^r^r  the  mUm  and  >utvhr\ 
mtA  mufpr^t  a»  a  tmiJ  m  aslnvnvm.  htn  j jpd  uni^fmxTncjm 

aiTtf*  nrr  havr  i^nhctl  hm  urrt  m  f Ai^mih  t4  rtxhtii)^]|e> 
dtvrkipnS  by  dw  dr&mc  ii>h«Mr*  Utr  imbian  ^Y^H.atxim  ^cni 
hid  10  rfw  QitfTutiitufm  liiikTW'mg  thctr  t»«  luc  luf  4tfitJ««ifm  ha* 
nvxns  ihtfT  imwr  mtrs  m»yy.  ut  hnng  f^jntrntml  use  in 
aiannonnr  hv  unpffm^sncnt  m  n*»}<c  wnJ  diri-iurmtf  pcHttmumr. 

madifiLatiun  i4  chc  wavrknjtTh  mtpiimr.  affJ  |h  ^^^^^  m 
rradoui  iltu^  T?ic  mmibn  *rf  tlrtrkmr  rltutrn**  «»4ihp  afrJV>  *nll 
comtnuc  ft>  Wr  tmrrasni,  ami  ^t^7>^^  a»  hvp; »  256  H  25a  t»iIJ  hr 
in  vKSoprad  i«c  wiriun  2  i«  \ran 

Abhovi^  «T  have  i.uixcntratrd  Kcir  <ir  the  ii^Tki^^  imcnal  I 
B»  25  tun,  thr  iahk  pruxtpdc*  isf  arrav  *Timtmn>»i<i  a«  a^^atrk 

3  otcsMM  tm 


M  CD  wav^-tetyfii  m  km  m  Imv  »i  90  fsm,  and  the  samr 
jWffiMHKagy  hi0i  drtci:inr  pcmiifVTtki  can  ^  Mdmsxd.  The  iratoEa' 
noo  of  the  fufi  {MKoisialiif  the  airjti  at  chnc  kmfm  n3\ekv^fA»  o 
mcwc  ik^uh  btmwcr.  bccaiiK  <^  the  lai|tc  thermal  KaiLi^niniii 
rmitfBd  hv  ifir  ^7n^«f4«ar  and  the  irk«(vi{v«  ihrtmrhr^.  a  mimhrr 
of |pniuif9  SIT  ^ad\  irn^  3$  h^'^nes  waitTic3i3(th&,  fhnr  a 
ri^  prufCtcu  m  kams^  htm  nt  cjx  %«th  ihc  therm*] 
gnnmd 

t-Mnhrr  Mt^ki  vjm  be  tnaik  with  arra^  dctrctiTfi  in  spaic,  «tKiT 
the  thcmui  hav^nmnd  t.m  be  dmnnasc^d  MK4)n|(  the  friru<^« 
the  pom  »LhK\Td  hi  iRAS  «rn:  («H»^k  ht\aisie  ii^  tnt  MKilAd 
tekmiipc  u'*)'  b«<  thi^  6cki*T^  ihU  the  hrncfrt  <rf  am>^ 

The  Kun^ivan  Spa^c  AgerHT>  Snhaml  Sp-ne  <^i>2t*^  (J?iC>} 
*iB  ivKnbitK  *  uAd  nktAtyr  wnh  xirne  usr  1^  arrant,  and  bith 
toufo  will  be  fulh'  rt|i^iflc>d  tn  NAVA  *  N|%kc  InhaJcJ  Tclomjic 
VacJffv'  (MRT>'»  ^7<f  NASA  »  a!*ii  pUnmn^f  rra*h  the  fuB 
rrMxtufHtn  nail^^r  itith  the  HubbJe  Spair  IHcwi^  K 
4HnjHT)Uji  #1  «^  a  ftC»'<«¥i  jiciKf*rft«i  Mi»UMf7ir>it  r4ii4f}ird  wnh 
tntrared  mas-> 


RMl  KIM  1^  ASM  N<^>^ 

'  t>  A  H*jwj  ^  i  i»»  *.  H  «  A  3t»  jv>. 

id  I  H  nuA^i  >  /  ^  aji  }>« ' 

jAfttoKM  Intomtr  i4  n>%iMi».  No*  ^^^ri. 

^UWT  )  }>  iaMi  }iS  ,hvhiti  Ikff^Jrf  isms,        4^<  W. 
J"   II  h  l^n^*^'!    4J  f    w  prr»» 


99-306  0  -  89  -  22  ' 
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COVM       A  ffdtn^  Kid        Stsxm^  OtacrvMc*^  4  mm  fdnxnc  cD4ar 
^fci»)  ptouR  ffiup)  Aid  •  oskv  s^w^'d 
v^QDcnB  Mv  finnmioKt  Thr  fftfrircd  f«^^ 

wowkd  tP  mfrned  radisboo  Sec        12<H  JThc  tnfraitd  p«wt  wu  made 
ihc  Km  ]^  Smxwiti  O^mrmoty  2  l-mrtcf  tdcxofv  by  t  liBky,  D  U 
DeRjy,  «kI      M.  iWier,  NiboiiK  Opooy  AMraoomy  OUuwmk*,  to 

scmfcs,  vol.  m 


ERIC 
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Sisrazuy  Outline  of  the  Plan  foo:  the  future  of  the 
Naticral  0|itical  totzmny  Gteermtories 


OVfonXI:  Demlop,  build,  and  operate  ws:ld-<lass  talescopea  and  f^ilities 
tear  tte  benefit  at  all  c^ialified  DS  astroncroro.  Qritically  evaluate 
existing  facilities,  especially  as  nev  ones  ccoe  cn  line. 


Ni^xt'-tisaB  astrancgy  -  short  teza: 

Hbdemixe  telesocpes  throuo^  detactoiB  and  data  pswessing.  Bsmit  U5 
univezBities  to  build  rodem  4-^&eter  telesccpes  at  NCAO  sites  at  no  coital 
cost  to  the  FQderal  Gcvenront,  caperate  than  as  parts  of  the  NSF-fundcd 
budget,  and  cl^are  in  the  oteerving  tiro  in  panopcartion  to  financial 
oontributicns. 

Nii^t-tis»  astmxray  -  intenaediate  tern: 

construct  laodem  e-oster  aperture  telesccpes,  one  (?ac±)  in  the  northern  and 
southern  hmis^tmes,  far  optical  and  infrazcd  astirxnosy  at  the  best  sites 
(»ma  Xea,  Bavwii  and  Qdle),  Both  will  be  woorld-class  facilities  with 
sodem  instnsaentaticn  which  oould  becone  parti  of  futmx  interferxiaetric 
arrays  (see  below) . 

Nic^-tisie  astzcroay  -  long  tenn: 

Ft>llcwing  the  national  program  to  evaluate  the  c^^i^ilities,  limitations, 
and  tfictoologies  for  interfenrotric  arrays  of  optical/inftared  telescopes, 
plan  for  Buch  arrays  in  botii  hmispheres  for  ur^>reoedented  iiBSolution 
(clarity  of  view)  of  astsxriomical  objects  * 


Solar  astrtxicBiy  -  near  terra: 

Ctuplete  the  GCHG  project  which  will  paxvide  first  views  of  tte  inside 
wckings  of  a  Star^  our  5to.  Hodemize  telescopes  tliroug^  detectors  and 
data  pttxsessing. 

Solar  astrtmcny  -  intctiaediate  term: 

Plan  for  a  hi^  jnesolution  solar  telescope  at  a  pria»  site,  probably  with 
active  st^ilizatlon  of  the  iaage  and  possibly  in  cooperation  with  other 
countries. 
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&icloBure  4a — Report  of  NSF's  COTBittce  on  QptlcaX  AstroncHsy  (Tape  Coi«itt«eS 

NATIONAL  SCIENCE  FOUNDATION 
IVASHr'wGTON.  DC  ZO»aO 


September  1,  1988 


Or.  Goets  Oertel,  President 
Association  of  Universities  for 

Rosearch  in  Astronomy,  Inc. 
1625  Mdssachusetts  Avenue,  N.H. 
Suite  701 

Washington,  D.C.  2003b 
Dear  Dr.  Oertel: 

Enclosed  are  the  report  of  the  Advisory  Comniittee  for 
Astronomical  Sciences  (ACAST)  Subcojaaittee  on  the  National 
optical  Astronomy  Observatories  (KOAO)  and  the  resj^mse  of  the 
ACAST, 

We  agree  with  the  conclusion  of  the  Subcosomlttee  that  the  plan 
proposed  in  your  letter  is  an  appropriate  response  given  existing 
conditions  and  fiscal  constraints,  i^e  commend  the  Director  of 
KOAO  for  her  rational  approach  to  a  most  complex  and  difficult 
situation  and  both  of  you  for  involving  the  communite  through 
your  "Dear  colleagues*  letters. 

The  National  Science  Foundation  authorizes  NOAO  to  proceed  with 
the  necessary  actions,  as  outlined  in  your  letter  of  May  27, 
1988,  to  adjust  the  FY  1989  progi ams  of  the  NOAO  to  the  present 
budget  situation • 

With  respect  to  future  actions,  we  note  the  heavy  emphasis  placed 
on  tlmelY  completion  of  the  GONG  project,  end  we  encourage  the 
NOAO  solar  physics  study  to  consider  carefully  the 
recojnmendations  expected  from  the  National  Acadenry  of  Sciences' 
study  "Solar  Physics."  Additionally,  we  note  the  high  priority 
generally  accorded  the  mirror-casting  effort  at  Steward 
Observatory  Mirror  Laboratory  and  urge  that  care  be  taken  to 
assure  a  smooth  transition-  We  will  work  with  you  on  the  details 
as  FY  1989  proceeds • 

Again,  let  me  thank  you  and  the  AURA  Board,  and  Dr.  Wolff  and  the 
NOAO  Staff,  for  your  efforts  in  developing  a  most  responsive  plan 
to  cope  with  a  difficult  funding  environment.  We  invite  your 
comments  on  the  Committee's  report. 

Sincerely  yours, 

}'!f\^^'l^  -f,  ?  ,       ^^^^  ^J^^^'Z^^ 
-^uaura  P.  Bautz,  Director 

Division  of  Astronomical  Sciences 

Enclosures 


SEP    c  S88 


e73 


RESPONSE  OF  THE  ADVISORY  COMMITTEE  FOR  ASTR0.40M1CAL  SCIENCES 

TO  THE 

SUBCOMMITTEE  ON  THE  NATIONAL  OPTICAL  ASTRONOMY  OBSERVATORIES 


The  Advisory  Coamittee  for  Astronomical  Sciences  (ACAST)  deplores  the 
CHtrrent  level  of  funding  for  the  national  Optical  Artronony 
Observatories  (NOAO),  which  seriously  impacts  its  ability  to  fulfill 
its  Aission.    MOAO  is  being  operated  efficiently  and  is  a  vital  element 
of  astronomy  in  the  United  States.     In  the  face  of  somber  economic 
realities,  we  recognise  that  difficult  decisions  siust  be  made  to  reduce 
costs • 

The  co5t«>cutting  measures  proposed  by  the  Director  of  NOAQ  and  the 
Association  of  Universities  for  Research  in  AstronsMay,  inc,  (AURA) 
Board «  and  recogniied  as  an  appropriate  response  by  the  Subcommitteo, 
have  been  carefully  considered  at  all  levels*    NevorthPloss.  these  cuts 
will  dramatically  accelerate  the  erosion  of  American  coropt?titivcncss  in 
the  international  astronooLical  community. 

In  particular,  we  recognize  that: 

1.  the  loss  of  the  Advanced  Developtoent  Program  <ADP)  and  reduction 
of  NOAO  support  for  the  Steward  Observatory  Mirror  Laboratory 
(SGML)  will  imperil  our  long-term  ability  to  pursue  large- 
telescope  projects  which  are  crucial  to  the  future  of  V.S. 
astronoffiy«  unless  alternative  sources  of  support  can  he  found; 

2.  the  erosion  ol  maintenance  and  lack  of  instrumentation  funds  will 
lead  to  a  degradation  of  services  offered  by  NDAO;  and. 

3*      the  inability  to  provide  adequate  funding  for  GONG  threatens  a 

unique  project  with  profound  implications  for  our  understanding  of 
solar  and  steller  interiors- 

Unfortunately,   while  we  agree  that  the  proposed  cuts  cannot  be  avoided 
at  this  time,   we  cannot  endorse  this  damaging  action  to  U.S.  astronomy. 


0^  ^u3/fc^^ 
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BC^AUO  F,  Taps 


July  11,  1988 


Dr.  LBura  P.  Bauts,  Director 
Divl8ion  of  Astronomical  Sciences 
National  Science  Foundation 
1800  G  Street.  N.W. 
Washington,  D.C,  20550 

I>ear  Dr.Bautx: 

The  Advisory  Committee  for  Astronomical  Sciences  (ACAST) 
Subcommittee  on  National  Optical  Astronomy  Observatories  (NOAD) 
was  asked 

to  consider  the  program  and  options  for  restructuring 
deve?oped  by  NOAO,  and 

to  advise  the  National  Science  Foundation  (NSF)  on  the 
appropriateness  of  the  plan  proposed  by  Association  of 
Universities  frr  Research  in  Astronomy,  2nc«  (AURA}/NOAO« 

The  SubcwTunittee  met  on  May  25-27,  1988,  with  representatives  of 
AURA/NOAO  and  of  NSF*  The  basis  for  our  review  was  the  proposed 
plan  as  described  in  Dr.  Oertel*s  letter  to  you  of  May  27,i988. 
augmented  by  briefings  and  discussions  with  AURA/NOAO,  It  is 
important  to  note  that  the  plan  was  strongly  influenced  by  the 
limited  FY  1968  appropriations  available  for  astronomy  and  the  FY 
1989  l»residential  budget. 

Our  report  is  enclosed.  The  Subcommittee  is  unanimous  that, 
given  the  existing  conditions  and  constraints^  the  program 
proposed  by  AURA/NDAO  is  an  appropriate  response.  At  the  same 
time,  the  Subcommittee  maHas  a  number  of  points  by  way  of 
observations  and  advf  ^e  to  AURA/NOAO  and  NSF,  such  as  the 
importance  of  support  for  the  GONG  project  and  continuing 
viability  of  the  Arizona  Mirror  Laboratory.  We  recognise  and 
regret  that,  even  under  the  best  of  circumstances,  total 
scientific  output  will  be  reduced  and  NOAO's  strength  and 
leadership  in  telescope  technology  development  may  be  eroded. 

The  astronomy  community's  goal  is  a  vigorous  and  internationally- 
competitive  national  astronomical  research  program,  including  the 
development  of  advanced  instrumentation  and  facilities.     KDAO  is 
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•n  iiopoxtant  ccMoponent  of  th«  V.S*  ground*-based  optical  progTBm. 
Its  actions  impact  not  only  its  observatories  and  staff  but  all 
of  V.S.  astrononjy.  We  deemed  our  Subcommittee  to  be 
inappropriate  for  consideration  of  t^e  larger  national  goals  and 
NOAO's  role  in  achieving  them.  We  urge  NSF  to  address  these 
questions  in  formulating  plans  for  FY  1990  and  beyond. 

The  Subcommittee  wishes  to  express  its  appreciation  to  hVnh/HOhO 
management  and  staff  for  its  cooperation  and  responsiveness  end 
to  the  NSF  staff  for  support. 


Sincerely  yours. 


Gerald  F.  Tape 
Subcommittee  Chairman 


Enclosure 
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HEPOBT  OF  THE  SUBCOMMITTEE  ON 
NATIONAL  OPTICAL  ASTR0N0>5V  OSSERVATOKIES 
Advisory  Committee  for  Astronomical  Sciences 

The  Advisory  Committee  for  Astrononiical  Sciences  (ACAST) 
Subcommittee  on  National  Optical  Astronomy  Observatories  (NOAO) 
was  established  by  the  National  Science  Foundation's  (NSF'sj 
Division  of  Astronomical  Sciences  to  advise  it  on  certain  aspects 
of  the  NOAO  program.  The  Charge  to  the  Subcommittee  is  as 
followo: 

•'The  National  Optical  Astronomy  Observatories  (NOAO)^ 
operated  by  the  Association  of  Universities  for  Hesearch  in 
Astronomy  lAURA}^  is  supported  by  the  National  Science 
Foundation  to  provide  a  range  of  capabilities  to  the  U.S. 
astronomical  cc»TOTunity  for  research  in  astronomy.  It  has 
become  clear  that  NOAO  must  reduce  the  scope  of  its  programs 
in  order  to  strengthen  the  most  essential  ones  and  to 
provide  flexibility  to  pursue  opportunities.  AURA/NOAO  has 
sought  input  from  the  astronomical  community  and  considered 
several  options  for  restructuring. 

The  Subcommittee  is  asked: 

to  consider  the  program  and  options  for  restructuring 
developed  by  NOAO,  and 

to  advise  NSF  on  the  appropriateness  of  t>e  plan 
proposed  by  AURA/NOAO." 

The  Subcommittee  met  at  NSF  Headquarters  on  Kay  25,  26,  and  27, 
1988.  The  meeting  agenda,  a  list  of  Subcommittee  members,  and  a 
list  of  principal  participants  are  appended. 


THE  PRESENT  SITUATION 

Since  FY  1984,  new  funds  received  each  year  from  NSF  by  NOAO  have 
been  essentially  constant;  no  provision  for  inflation  has  been 
provided.  Purchasing  power  has  declined.  The  Presidential  plan 
for  doubling  the  NSF  budget  from  FY  1988  to  FY  1993  did  not 
materialise*  Timing  was  such  that  significant  program  reductions 
have  had  to  be  made  in  FY  1988  •  The  FY  1989  Presidential  budget 
before  Congress  is  also  limiting*  A  reassessment  of  priorities 
was  culled  for  including  planning  for  fulfillment  of  the  NOAO 
mission  over  the  longer  term. 


NOAO  PHOPOSEP  PKOGRAW  PLAN 

The  NOAO  mission  statement  adopted  by  the  AURA  Board  is  as 
follows: 

**The   mission   oi   NOAO  is  to  conduct  world-class  srientific 
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invMtlgations  in  exploring  the  univ«rsa  at  optical  and 
inirmvmd  wavalengths.  This  includes  building^  operating, 
^.nd  conducting  research  with  world-class  facilities  of  a 
range  of  sizes  and  technical  capabilities  open  to  all  U.S. 
astronomrs;  coordinating,  and  participating  in,  and  often 
leading  the  technology  develo|»Rent  programs  essential  to  all 
optical /infrared  efforts  in  the  U.S." 

This  Subcommittee  endorsee  the  NOAO  mission  statement.  Jt 
recognises  the  need  for  NOAO  to  be  involved  with  world-class 
facilities  and  advanced  instrumentation,  with  emphasis  on  user 
access* 

The  proposed  }^ko  plan  (May  27,  1986,  letter  Cartel  to  Bautz 
appended)  recognizes  the  need  for  difficult  program  curtailments 
to  be  made  in  FY  igBB  and  FV  1989  while  preserving  certain 
capabilities  for  undertaking  initiatives  in  later  years. 
Becognition  is  given  to  the  advent  of  private  funding  for  major 
new  telescopes  and  the  role  NOAO  could  play  in  advancing,  through 
cooperation  and  Government  funding,  the  utilization  of  such 
facilit5.es  on  a  national  basis. 


DEtXBERATIOKS  OF  THE  SUBCCW11TTEE 


The  first  half  of  the  Subcomittee * s  meeting,  chaired  by  &r. 
George  B»  Field,  was  devoted  to  receiving  briefings  by  the  NOAO 
Director  aVid  principals  of  the  NOAO  staff.  Extensive  discussions 
wsrs  hsld  with  ths  brisfers  as  well  as  with  the  AURA  President 
and  several  Truetees*  The  last  half  of  the  meeting  was  dsvoted 
alfliost  entirely  to  deliberations  by  the  Subcommittee  with,  at 
times,  some  AURA/NOAO  interactions  to  clarify  positions.  The 
Subcommittee  was  pleassd  to  have  Dr*  Arthur  B.  C.  Walker,  jt,. 
Advisory  Coxnmittee  for  Astroncnnical  Sciences  Chairman,  and  Dr. 
Norman  C.  sasmussen.  National  Science  Board  member,  participate 
in  the  meeting. 

The  following  coniititutes  the  Sul>con^ittee*s  views  concernipg  the 
AVRA/NOAO  recommendaticms  for  *'r4jStructurin9  its  program.* 

A.  Cenersl 

Ths  Subcommittse  was  very  impressed  by  the  extensive  review  and 
analyais  of  the  issues  confronting  HOAD  under  the  present 
budgetary  constrsints.  Ths  dscisions,  although  painful,  show  a 
thoughtful  approach  to  coping  with  immediate  problems  while 
striving  to  fulfill  NOAO's  long-term  mission.  The  Subcommittee 
concludes  thst  the  proposed  plan  is  reasonable  and  responsive.  It 
is  asssntially  a  "damage  limiting'  plan.  Although  some 
individuals  may  differ  in  detail  with  some  of  the  AUHA/nOAO 
decisions,  it  is  not  useful  for  this  Subcommittee  or  NSF  to 
micromansge.    Great  strides  have  been  made  in  NOAO  management;  it 
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Should  be  e^icouraged* 

KPHQ  and  CT20  are  producing  good  science,  both  qualltallveXy  and 
quantitatively.  The  continuing  high  number  of  research  papers 
baaad  upon  data  obtained  with  night*^ime  f  ac.  litier  demonstratea 
that  those  faciliti*^s  continue  to  be  operated  »o  that  Quality 
data  is  rctutineXy  obtained  and  analyzed.  Of  key  importance  is 
the  ever- improving  power  of  focal-plane  instruirentation  at 
virtually  all  telescopes.  Although  this  power  benefits!  all 
fields  of  astronosiy  fros)  planetary  to  galat^tic  researcn.  one 
conspicuous  example  is  found  in  extragalactic  research  where*  for 
the  f  .'St  time,  a  nun^ber  of  groups  have  recently  been  successful 
in  obtaining  images  end  spectra  of  gelaKies  with  redshifts 
greater  than  1  (corresponding  to  look-back  1  injes  greater  than 
half  the  age  of  the  Universe)  and  as  large  as  3.2.  Such 
Observations  demonstrate  that  at  least  some  galAKies  formed  early 
in  the  history  of  the  Universe,  and  detailed  studies  indicate 
that  the  morphology  ot  some  high-redshift  galaxies  is  complex. 
Astronomers  now  have  hard  data  concerning  the  formation  and  early 
evolution  of  gala  .ies,  a  subject  which,  until  now.  has  been  the 
province  of  theoretical  debate  based  on  va^^lous  cosmological 
models.  The  instrument  development  programs  of  KPNC  and  CTXO 
have  thus  opened  a  new  era  in  cosmc/logy. 

Another  example  is  the  newly-develcped  capability  for  large- 
format  near- infrared  imaging.  This  capability  promises  to  find  a 
number  of  exciting  applications,  including  the  observation  of 
stars  and  galaxies  through  opaque  clouds  of  interstellar  aust. 
and  spectroscopy  of  intersi-ellar  molecules. 

In  addition  to  providing  the  U.S,  ground  and  space  science 
communities,  and  the  U.S,  commercial  and  defense  establishments, 
syno|.  :ic  data  on  the  behavior  of  the  Sun.  the  NSO  serves  as  the 
focus  of  U.S.  efforts  to  develop  state-of-the-art  ground-based 
instruments  to  observe  the  neaiest  star,  the  Sun-  In  this  role, 
the  NSO  has  collaborated  with  tockheed  scientists  in  the 
succussful  use  of  adaptive  optics  in  studies  of  extremely 
turbulent  stratified  fluids,  and  of  turbulent  mir.ing  and 
diffusion  of  magnetic  fields  at  very  high  Reynolds  numbers;  both 
problems  are  fundamentally  inaccessible  to  experimental  study  in 
terrestrial  laboratories.  The  NSO  has  been  a  leader  in  the 
extension  of  magnetic  field  measurements  to  the  near  infrared, 
allowing  direct,  relatively  model  independent,  observations  of 
magnetic  field  strength  concentration  on  the  Sun;  these 
measurements  are  essential  to  our  understanding  of  the  solar 
magnetic  field/fluid  intersections  ultimately  responsible  for  the 
space  plasma  environment  of  the  Earth.  The  NSO  also  seizes  as 
the  focus  of  a  national  effort  to  study  the  Interior  of  the  Sun 
to  unprecedented  levels  of  accuracy  by  observing  global  solar 
oscillations   ( "helioseismology" > ,      thereby  providing  definitive 
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tMts  of  »od«rn  theories  of  Rt«ll«r  structure  snd  evolution, 
well   as   possible   teste   of   nuclear  physics   caicuiatlonH  of 
neutrino  production  and  transport  in  the  solar  interior. 

C.  Uniqueness 

X.      Nighttime  A'^tronowv 

h  major  strength  of  the  UOhO  observing  facilities  is  the  broad 
range  of  instruments  available  to  the  observer  on  the  isrger 
telescopsE  end  the  evsilability  of  popular  instruments  on  the 
smeller  telescopes.  In  general,  a  much  emaller  range  of 
facilities  ie  available  at  univt^rsity  telescopes,  and  the  NOAD 
fecilities  are  the  only  ones  8vi.ilablr  for  rosny  users.  These 
Instruix^ent  B  are  well  maint»*ined  end  the  down-time  is 
correspondingly  low.  Telescopes  are  e^'ailable  in  both 
hemispheres,  allowing  full  sky  coverage.  The  CTIO  4-fBeter  is 
equipped  with:  an  echelle  spectrograph  (the  only  such  instrument 
currently  available  on  a  Southern  Hemisphere  telescope}  for  high- 
dispersion  observations  of  relatively  faint  (V  ^  12)  stars;  an  nc 
spectrograph  for  low-dispersion  observations  of  fainter  objects; 
infrered  end  visual  photometers;  an  infrared  spectroiaBter;  an 
Imaging  Fabry-Perot  interf erometor ;  and  caneres  for  direct 
iinaging  with  Charge  Coupled  Devices  (CCDs)  and  infrared  errays. 

The  KPNO  4-meter  is  equipped  with  an  even  lerger  range  of 
instri^enta,  including  a  unique  Fourier  Transform  Spectrosieter 
for  high-resolution  spectroscopy  at  infrared  wav;.lengths.  The  4- 
meter  optical  spectrographs  can  be  used  for  multiple-object 
spectroscopy  witN  the  possibility  of  observing  up  to  50  o^jects 
simultineouBly.  in  recent  years  numerous  direct  imaging  projects 
heve  been  carried  out  v  ilng  CCD  cameras,  particularly  on  smaller 
telescopes*     A  very  new  exciting  program  of  direct  imeging 

with  infrared  arrays  is  currently  being  performed,  prior  to  the 
availability  of  these  arrays,  the  only  technique  of  infrared 
imaging  consisted  cf  pointing  the  telescope  in  different 
directions  in  the  sky  to  naHe  observations  of  the  various 
-pixels.' 

The  availability  of  the  IRAFi Image  Reduction  and  Analysis 
Facility)  programs  and  computers,  both  in  domes  and  at  the  main 
offices,   allows  for  very  convenient  reduction  of  the  data* 

2.      Daytime  Astronomy 

The  National  Solar  Observatory  (KSO)  operates  several  unique 
facilities  incS^^a^ng  the  McMath  complex  'if  telescopes,  the 
Fourier  Transform  spectrometer  and  *^acuum  t«^l  )scope  at  Kitt  Peak 
end  the  Vacuum  Tcser  Telescope  at  Sacram^ntu  Peak  Obsearvatory 
(SPO).  Tha  three  telescopes  in  the  MO^ath  complex  are  the  three 
largest  solar  telescopes  in  the  world.  Pita  obtained  from  these 
telescopes  have  made  e  lerge,   enduring  isvipact  on  solar  physics. 
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AIthDu9h  much  of  this  impact  occurred  durins  the  early  years  of 
Kitt  Peak's  operation*  the  development  of  the  Fourier  Transforiti 
Spectrc»neter  has  Isd  to  a  second  vavo  of  exciting  new  results 
that  continue  to  appaar  regularly « 

The  vacuum  taleacope  at  Kitt  Peak  provides  the  community  with  the 
moat  readily  available  and  most  videiy  used  solar  magnetogrft "s. 
These  daily  magnetograms  have  been  used  in  independent  studies  of 
f^agnftic  field  i^rphology  and  its  cyclical  variations  over  the 
22-year  magnetic  cycle  as  well  as  providing  reference  data  for  a 
great  number  of  papers  involving  other  observations.  In 
particular,  solar  observati^s  from  space,  such  as  those  carried 
out  by  Solar  Maximum  Mission  (Sf^),  rely  h&avily  on  the  Kitt  Peak 
fsagnetograms  as  supporting  data;  and  in  particular  the  planned 
joint  NSF  and  NASA-- sponsored  observational  campaign  to  observe 
the  next  soler  maximum  will  rely  on  these  observations. 

The  KcKffth  solar  telescope  is  equipped  with  a  I -meter  Fourier 
Transform  Spectrometer.  This  instrument  is  used  in  solar, 
laboratory  astrophysics,  and  atmospheric  sciences  studies.  In 
the  latter  work,  it  has  been  used  for  the  determination  of 
wavelengths,  energy  levels,  and  transition  probabilities  for  both 
atomic  and  molecular  lines.  Recently  it  has  been  utilixed  to 
probe  the  solar  vector  magnetic  fields  with  the  12-micrometer 
magnesium  lines.  The  McMsth  is  the  only  large  solar  telescope 
capable  of  working  in  the  thermal  infrared. 

The  vacuum  Tower  Telescope  located  at  SPO  is  universally 
recognized  as  the  world's  leading  instrument  for  solar  studies  at 
high  angular  resolution^  Its  uniqueness  arises  from  a 
combination  of  outstanding  image  quality  and  highly  developed 
focal  plane  instruments.  The  Tower  attracts  a  steady  stream  of 
visiting  scientists  from  all  parts  of  the  world,  and  it  is 
finding  important  additional  uses  as  a  test  site  for  new 
instrumental  concepts  and  developments,  including  adaptive 
optics*  The  latter  technology  has  lead  to  a  real  breakthrough  in 
our  view  of  the  structure  of  compressible  convection  in  solar 
surface  layers,  and  of  the  interaction  between  highly  conducting 
fluids  and  magnetic  ff.elds;  the  physics  underlying  these 
processes  is  of  wide  interest  to  both  astronomers  end  physicists. 

A  new  Stokes  Polarimeter  currently  under  construction  at  the  High 
Altitude  Observatory  is  designed  for  use  on  the  Tower  in 
partnership  with  USO.  In  addition  to  providing  high-resolution 
vector  magnetic  field  data,  the  combination  of  the  new 
polarimeter  and  the  Tower  Telescope  will  be  used  to  test  concepts 
and  polarimeter  design  for  magnetic-field  measurements  with  the 
Large  Earth-based  solar  Telescope  (LEST)  facility.  While  other 
countries  are  working  to  develop  facilities  that  will  eventually 
be  competitive  with  the  Tower  Telescope  and  its  focal  plane 
instruments,  these  new  facilities  will  not  be  completed  for 
another  year.     Until  that  time,    the  Tower  Telescope  will  remain 
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unique  es  the  worxd*&  outstanding  high-resolution  instrument. 
HoMver,  early  availability  of  observing  t±m^  for  U.S.  scientists 
on  foreign  aolar  telescopes  remains  in  question. 

D«  com 

The  NOAO  Director  and  AURA  have  proposed  that  the  N50  budget, 
including  the  GONG  projects  be  given  a  fixed  percentage  of  the 
WAO  budget  in  FY  1989  and  subsequent  years.  They  have  f'jrther 
suggested  that  a  coomittaa  be  formed,  under  the  leadership  of  Dr. 
John  Leibacher,  to  decide  hc^  to  allocate  these  funds  between  the 
GONG  Project  and  SPO,  Kitt  Peak,  and  Tucson  operations.  it  is 
recognized  by  NOAO  and  AURA  that  the  funds  allocated  by  K5F  are 
insufficient  to  carry  out  the  GONG  Project  if  the  SPO  and  Kitt 
Peak  facilities  are  operated  at  their  current  ?evel.  As  the  GONG 
Project  ramps  up  to  its  required  levels  facility  support  will 
necessarily  diminish  unless  N5F  provides  en  appropriate 
incremental  funding  wedge. 

GOnO  was  planned  and  brought  to  funding  level  through  the 
combined  efforts  of  a  broadly-based  community  of  solar 
astronomers  plus  a  number  of  astrophysicists  not  traditionally 
thought  of  as  having  snainly  a  solar  orientation.  Because  of 
these  circumstances,  the  GONG  Project  is  not  seen  by  the 
cominunity  as  being  either  a  strictly  solar  project  or  as  a 
strictly  NSO  project.  2t  does  not  appear  proper  to  the 
Subcommittee,  therefore,  that  the  GONG  Project  be  jeopardised  by 
placing  it  in  direct  coispetition  for  funds  with  the  SPO  and  Kitt 
Peak  facilities  of  NSO.  Failure  to  complete  the  GONG  Project 
after  enlists.  9  the  enthusiastic  support  of  the  community  and 
ejcpenditure  considerable  effort  wou.  d  reflect  badly  on  the 
entire  NOAO.  it  is  recommended  that  the  GONG  Project  continue  to 
be  funded  et  a  level  sufficient  to  ensure  its  continuation  to  a 
successful  and  timely  conclusion.  In  our  opinion,  this  should  be 
the  highest  priority  for  the  NSO  during  the  next  few  years. 

The  question  of  how  to  best  use  the  resaaining  funds  available  to 
NOA«^  to  support  one  or  Ujth  of  the  SPO  and  Kitt  Peak  sites  is 
properly  left  to  an  appropriate  NSO  committee.  Membership  of 
such  a  committee,  however,  should  include  individuals  external  to 
NOAO.  Particular  attention  should  be  paii  to  the  guidelines 
established  by  the  forthcoming  report  of  the  National  Academy  of 
Sciences*  Committee  on  Solar  Physics, 

E.      Upgrading  National  Capebilities 

The  survey  of  the  optical /infrared  astronomy  community  by  AURA 
showed  clearly  that  NOAO  plays  two  important  roles:  provider  of 
a  steady  stream  of  astronomical  data  to  its  users;  and  a  builder 
of  new  facilities  to  open  up  new  areas  of  a<;tronomical  research. 
NOAO  has  proposed  an  imaginative  scheme  to  i  lay  both  roles !  the 
new  NOAO  Program  Description  proposes  ^'to  unJertake  the  evolution 
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of  CT20  and  KPNO  from  smail«r  to  larger  telescopes  through 
collaborations  with  universities."  The  Subcomiwi  t  tee 
wholeheartedly  endorses  this  goal  ard  steps  along  this  road,  such 
as  the  WIN  3-5-iBeter  telescope  proj»3Ct. 

Ad  NOAO  has  pointed  out,  and  both  the  Greenstein  and  Field 
Committees  recommended,  telescopes  of  the  4*meter  class  are 
likely  to  become  the  workhorses  of  the  future  that  1-meter  to  2- 
meter  telescopes  are  now.    There  are  three  isain  points  here: 

1.  For  some  applications,  4-ineter  telescopes  are  as  cost 
effective  as  larger  ones •  Examples  of  such 
applications  are  redshift  surveys  of  galaxies  and  long-- 
slit  spectroscopy. 

2.  Some  large  projects  are  iwpeded  more  by  competition  for 
observing  time  then  lack  of  aperture.  Examples  of  such 
projects  are  synoptic  observations  and  targets  of 
opportunity. 

3.  Techniques  such  as  multiple-object  spectroscopy  can  use 
sophisticated  instrumentation  to  compete  with  large 
telescopes  provided  the  smaller  telescope  is  also 
operating  in  the  backgroumd  Csky)  noise  limited  regime. 

Participation  by  NOAO  in  university  consortia  makes  for  effective 
cooperation  because  the  universities  have  a  unique  ability  to 
raise  private  and  state  capital  for  new  projects,  while  NOAO  can 
contribute  operational  efficiency,  stability,  and  a  developad 
site.  All  parties  can  contribute  expertise  necessary  to  make 
advanced  projects  viable.  The  Subcommittee  finthusiastically 
endorses  the  first  such  proposed  joint  venture  oy  NOAO  with  the 
advice: 

1.  that  it  must  Insist  on  community  access  to  the 
telescope  commensurable  with  NOAO*s  and  KSF*s 
investment  in  the  project; 

2.  that  NOAO  must  seek  to  build  a  telescope  with  a 
genuinely  low  maintenance  cost  in  order  to  validate  the 
claim  of  replacing  older,  small  telescopes  with  larger 
ones  without  disenfranchising  the  greater  user 
con»nunity# 

3.  that  NOAO  must  not  lose  sight  of  ats,  and  NSF's,  long- 
tarm  goal  to  provide  community  eccess  to  an 
opticsl/infrared  telescope  as  large  es  that  of  any 
university  or  international  consortium. 
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F»      A  WAO  8-W«ter-Class  Telescope 

Although  seriously  constreined  by  budget,   the  proposed  NOAO  plan 
presents  a  feaeible  path  to  the  develppsnent  of  the  large-aperture 
teleccopes   that   will   be   needed   for   it   and   the  user-priented 
community  to  be  ecientif icaXly  competitive  at  the  end  of  this 
c«ntury.      a  ttoug^tful  program  to  produce  end  evaluate  a  3,5- 
meter  BSC  (BoroSilicate  Glass)  isirror  culminates  in  en  observing 
facility  Buch  as  the  WIN  project.     At  the  same  time,  it  lays  the 
groundwork  for  en  6*metar-class  instrument.    This  ai^roach  allows 
MDAO  to  keep  the  future  in  sight  while  still  satisfying  nwst  of 
the  current   scientific  needs  of   the  user  ccssmunity.      It  is, 
however,    not   without   soisa   risks   to  both   NOAO   and   the  next 
generation  of  NOAO  users  who  will  have  to  compete  scientifically 
with  astronwDers  worldwide  and  in  the  U.S.  with  access  tf  larger 
telescopes.      NOAO  should  not  become   so  preoccupied  with  the 
collaborative    building   of    4*meter-clas5    facilities  and 
maintaining  smaller  telescopes,  both  at  KPNO  and  at  CTIO,   so  as 
to   lose  mojJientum   toward   an  S-meter-cless   facility.      The  time 
scale  for   the  completion  of  the  first  4-meter  initiative  (WIN) 
coincides  with  the  projected  time  scale  for  the  first  large  ESO 
and  u»S.    telescopes.      2n  addition,    at   least  one   other  U«S. 
consortium  should  be  well  underway  by  then.     In  such  a  climate, 
it  could  well  be  difficult  for  NOAO  to  gather  the  support  end 
make  the  sacrifices  required  to  secure  funding  and  implement  a 
national  8 -meter  program. 

Withdrawal  of  direct  NOAO  support  of  the  Steward  Observatory 
Mirror  Lat>oratory  (SOMt)  carries  with  it  the  danger  of  leaving 
the  impression  that  NOAO  is  backing  away  from  a  commitment  to 
build  a  large  telescope.  The  Subcommittee  strongly  endorses  the 
recommendation  of  the  AURA  Future  Directions  Coaanittee  that  NOAO 
should  be  "developing  world-class  optical  and  infrared  facilities 
and  innovative  instrumentation.*  As  such,  it  urges  NOAO  to 
aggressively  pursue  funding  for  an  8-ineter  telescope  from  both 
public  and  private  sources  as  well  as  maintain  a  highly-visible 
role  in  the   current  developing   large-telescope  consortia. 

NOAO  should  recruit   as  axpaditiously  as   possible  a  Priocipal 
Investigator  for  the  8*roeter  project. 

It  is  unfortunate  that  the  NOAO  is  put  into  such  a  situation  that 
it  must  withdraw  support  from  the  SWit  literally  on  the  eve  of 
its  first  large  success.  This  program  represents  the  best 
possibility  for  significant  U-S.  national  participation  in  large- 
aperture  telescopes.  The  possibility  that  private  resources  can 
come  to  the  rescue  is  recognised,  but  the  failur*  of  such 
resources  to  mater ialixe  could  have  severe  impact  on  the  future 
of  large-telescope  development  in  the  U.S.  We  strongly  urge  that 
NOAO,  NSF,  and  the  community  work  with  the  SOML  to  see  that  the 
resources  are  availeble  to  continue  expeditious  progress  toward 
producing  8-meter  BSG  mirrors.  Indeed,  without  such  a  commitment, 
it   may  well   prove  difficult   to   secure  the   private  resources 
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needed  to  proceed* 

G.      Advanced  Development  Program 

The  Advanced  Development  Program  (adp)  was  established  as  a 
division  of  the  NOAO  charyed  with  the  exploration  of  new 
technology  end  inetrumentation  having  future  applicatiors 
throughout  the  observatories.  The  ADP  successfully  recruited  an 
except ionally  talented  ateff  that  identified  a  nwsber  of  areas 
with  strong  near*  and  long^tero  payoffs  for  u,S.  astronwoy.  The 
Future  Telescope  Technology  Program  (FTT)  has  pursued  problems 
critical  to  the  develop^nt  and  depioyiaent  of  teleecc^ea  using  6- 
meter  mirrors,  including  the  aupport  of  the  borosilicate  glass 
honeycomb  nirror  pr  ject  of  tine  University  of  Arizona*  The  MP 
Advanced  Concept  Exploration  Progran  (ACE)  has  developed  an 
edaptive  optics  system,  defined  a  concept  for  a  distributed 
optical  array  for  very-high-angular-resolution  imaging  and 
developed  certain  hardware  prototypes  of  key  aspects  of  an  array, 
built  en  infrared  speckle  imaging  systesi  soon  expected  to  be 
ueer-aualif ied«  and  pursued  other  techniques  with  promising 
future  applications  at  the  largest  telescopes.  The  ADP  has 
accon^lished  a  great  deal  since  its  inception  in  spite  of  the 
inability  of  NOAO  to  provide  it  with  a  budget  fully  supportive  of 
its  programmatic  goals.  A  well*funded  ADP  is  clearly  a  basic 
elegant  of  a  healthy  national  observatory, 

NOAO  and  AURA  now  raccwwtend  the  elimination  of  AdP  as  a  division. 
Accompanying  the  discontinuation  of  ADP  is  the  closing  of  the 
gratings  laboratory,  the  elimination  of  the  distributed  array 
project^  and  the  halting  of  the  adaptive  optics  effort  at  its 
deisonstration  stage.  The  FTT  effort  will  be  scaled  down  with  the 
goal  of  working  toward  the  completion  of  e  proposal  for  8*roeter 
telescopes  to  be  submitted  late  this  year,  noaO  will  attempt  to 
waintsin  the  capability  previously  found  within  ADP  to  improve 
and  develop  instrumentation  for  existing  telescopes. 

Thm  elimination  of  the  ADP  Division  and  the  resulting  drastic 
curtailtssant  of  KOAO  support  of  activities  intended  to  benefit 
future  U.S.  astronomy  are  considered  by  NOAO  and  AURA  as 
prefereble  to  their  continuation  at  a  less-than-subsistance 
level,  or  to  the  closing  of  nost  of  the  present  night-time 
telescope  facilities.  NOAO  proposes  that  certain  of  the  ADP 
activities,  such  as  adaptive  optics,  be  incorporated  into  the  8- 
meter  telescope  proposal  and  point  out  that  other  prcgrans,  such 
as  the  distributed  array,  are  being  pursued  by  sc^e  universities. 
Nevertheless,  with  the  elimination  of  its  Advanced  Development 
Program,  NOAO  is  sacrificing  much  of  its  ability  to  provide 
leadership  to  the  future  directions  of  ground-based  optical 
astronossy.  This  ia  a  substantial  diminishment  of  the  ability  of 
NOAO  to  fulfill  its  complete  mission  in  support  of  U.S. 
astronomy.  NOAO  is  left  with  a  "chicken-and-egg*'  problem* 
Without  a   commitment   to   a  major  project,    senior  staffing  is 
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difficult  and  without  project  leadership,  commitment  is  unlikely 
to  be  forthcoming. 

Seeing  no  alternative  short  of  the  closing  of  NOAO  facilities 
actively  and  exteitSively  now  in  use  by  the  astronomical 
community,  this  Subcommittee  supports  with  regret  the  NOAO/AURA 
recoiTUDendations  with  respect  to  the  Advanced  Development  Program. 


7he  ACAST  Subcopi^it  tee  on  National  Optical  Astronomy 
Observatories  has  considered  the  program  and  options  for 
restructuring  in  the  light  of  NSF  inte  prctation  of  fiscal 
constraints  imposed  by  the  FY  1988  Congressional  appropriation 
and  the  FY  1989  prop>osed  Presidential  budget,  and  as  developed  in 
response  to  these  by  NOAO*  The  lAiplications  of  this  restructuring 
for  the  health  of  a  national  ground-based  estrononty  program  and 
for  the  role  to  be  played  by  NOAO  need  to  be  addressed  in  a 
larger  context  than  was  possible  in  this  review.  The 
Subcomittee  does,  however «  endorse  the  NOAO  mission  statement 
that  includes  .  «  world-class  facilities  of  a  range  and  of 
sires  and  technical  capabilities  open  to  all  U.S.  astronomers  .  . 


The  Subcommittee  is  unanimous  in  advising  the  NSF  that  the  I'm 
proposed  by  AURA/NOAO  is  an  appropriate  response,  given  existing 
conditions  and  fiscal  constraints.  The  Director  of  NOAO  is  to  be 
commended  for  her  rational  approach  to  a  most  complex  problem. 

The  Subcommittee  makes  the  following  points  by  way  of 
observations  and  advice  to  AURA/NOAO  and  to  the  NSF  Astronomy 
Division  Director: 

1>  Upgrading  of  ground-based  observing  facilities  is  needed* 
The  move  toward  upgrading  with  new  4-ineter-class  telescopes 
is  tintely  as  is  the  possibility  of  private  funding, 
especially  for  construction*  NOAO  should  continue  to 
explore  joint  projects  that  will  combine  private  and 
Governjnent  talent  and  funding  to  serve  national  astronomy 
needs.  The  WIN  Project  is  such  an  example.  NOAO 
participation  in  such  arrangements  should  not  be  so 
extensive  as  to  interffire  with  its  even-longer-term 
objectives* 

2.  For  the  longer  term,  construction  of  at  least  one  8-meter- 
class  telescope  should  be  a  KOAO  priority  objective* 
Participation  in  construction  and  operation  of  4-'m6ter-class 
instruments  will  provide  experience  and  staffing  for 
undertaking  development  of  a  larger  instrument*  An  early 
commitment  to  an  6-meter  •-class  telescope  is  required  of  both 
NOAO  and  NSF, 
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To  acM«V9  th»  foregoing  objectives,  continuing  operation  ot 
the  Steward  Observatory  Kiriror  Laboratory  is  necessary.  A 
coordinated  commitment  and  plan  involving  NSF,  NOAO, 
interested  private  organisations,  and  the  University  of 
Arizona  ere  required. 

The  CONO  Project  i#as  established  through  the  combined 
efforts  of  a  broadly *based  conmunity  of  solar  astronosMrs 
and  astrophyaicists.  The  Project  should  continue  to  be 
funded  at  a  level  to  insure  its  continuation  to  a  successful 

and  timely  conclusion. 

The  proposed  NOAO  Comittee  to  develop  a  long-terra  program 
for  solar  physics  within  the  NSO  should  be  br.  adly  based  and 
include  external  members.  Particular  attent&cn  should  be 
paid  to  the  guidelines  established  by  the  forthcoming  report 
of  the  National  Academy  of  Sciences'  Committee  on  Solar 
Physics. 

Successful  end  effective  pursuit  of  a  national  ground-based 
astronomy  progrem  requires  cooperation  and  coordination  by 
all  parties,  private  and  public r  in  order  to  obtain  the 
waKimum  scientific  return  on  the  total  national  investment. 
NSr  has  a  major  leadership  role  in  establishment  and  support 
of  the  federal  component.  NOAO  is  an  important  part  of  «iat 
element . 

The  Subcommittee  commends  the  AURA/NOAO  management  end  staff 
for  its  responsiveness  and  planning.  The  reducticms  are  the 
consequence  of  inadequate  funds,  not  inferior  ecience  or 
excessive  support  or  overheed.  AUKA/NOAO  management  haa  been 
attentive  to  community  needs  and  effective  operations. 
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ASSOCIATION  OF  UlWEHSmES  FOR  RESEARCH  IN  ASTRO2V0MY,  WC- 


SUITC  701 

IA25  MASSACMusrrrs  A\'mm.  hm. 
wASKo^rrm.  m.  20090 
»»-4A3  aioi 


Ooets  K«  Ocrlcl 


Hay  27,  1988 


tr.  XAXca  P.  anitz,  Z)ixBctar 
Afftxcnosy  Division^  MPS 
Hstioral  Scienoe  FtmSal.on 
1800  G  Stxmt,  H.W. 
Washington,  D*C.  20S50 

Dear  cr.  Bmxtz: 

nils  letter  vill  aexve  to  ouUlns  the  pnxxss  follomd  by  NQM?  and  AUm  to 
xwiew  the  prognsos  supportedl  within  the  Katdcnal  Optical  Astireimy 
<laaerv^ories  and  to  naduce  the  socspe  of  activities  to  oomsspond  to  the 
fundiJigf  lomi  xraqiiestsd  by  the  I^waid^  in  the  iQudget  siteltted  to  Caigvsss 
far  rt  ^mcdtic  reodmnlaticns  for  the  program  for  FY  1989  and 

haymS  are  alao  prwited,   A  ni»ion  vtatesmtt  for  HQ^  is  attached. 

M  you  are  aware,  new  funds  zeoaived  frm  the  H5F  by  HQMD  have  teen 
aaaantiaUy  constant,  with  no  adji^Etrcnts  for  inflation,  for  the  five  fiscal 
years  1984-19it8.   'Dm  Incxeasa  in  the  m  index  for  OXxson  during  this  tiine 
has  baoi  201.    Ceapite  the  effective  omall  decjeasR  in  s^ppo^t  for  the 
observatory,  all  progiaps  have  bom  continued,  and  a  aajor  project  ((XMS) 
has  been  initiated.   The  budget  has  been  balanced  each  year  thrxwgh  such 
stays  as  salary  freezes,  reductions  in  staff,  deferral  facilities 
maintenance,  end  reducing  «4J|xait;  for  focal  plane  instnasentation^ 

ftr  FY  1989  laalntaining  the  cunneffit  level  of  effort,  providing  for  incsceases 
in  ooete  of  insurance,  and  incnmnting  the  GGNS  budget  by  $o.£M,  as  called 
for  in  the  MSF  ^an,  requira  101  cr  $2.4H  xoare  than  xeq^iested  in  the 
Ktesidant'e  budget.   It  is  the  view     Aum  and  N»o  smgenent  that  it  is 
no  longer  possible  to  oontinue  to  opaxate  all  of  tlm  proems  tkm  in  place 
within  RQMD,  and  that  sgibb  prugraas  sasct  be  eliainated  or  greatly  reduced  in 
•oope  in  o«le7  to  vatch  mAO  progpram  raquirvBents  to  the  budget  zeguest. 

■ 

Ihe  bu^et  situation  has  been  CFJtlinad  in  nose  detail  in  t»  letters  sent  to 
aoribers  of  the  astzoncnlcal  comunity.   These  letters  are  attac^iad,  and 
lai^^ujatu  firtn  the  ccmmity  me  one  f^trr  in  determining  the 
zecconandations  that  are  b^ng  eade  to  you.   In  adiitlon,  t^m  Associate 
Cdrectoxs  of  MCAO  fcr  the  Mvanoad  Ceveloiinent  Frozen,  CI7D,  XIW,  and  r<SO 
ware  ntaS  to  ^nepore  an  analysis  of  the  pivjgi'aiBs  vithin  their  divisions,  to 
evalvttta  their  eoientif Ic  productivity,  and  to  naXe  xeaxBendaticns  of 
priorities  in  r^spcrms  to  a  budget  cut  of  10  perant.   Ihis  material  has 
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Dr«  lAum  P.  B»Jtx 


Kay  27.  X988 


bMi  yaMPWifJ  to  tte  SulaoamlttM      AAST  ttat  w  s«t  \«>  to  r»vi«w  tte 
mm  nccamfatim.  ^  sutanaittas,  Alcng  vith  iMDiaen  of  tlw  MJm 
Beam  al*o  hMnS  oaml  psm^vi^MSam     tha  NQM>  Dirvctixr  and  tasociAt* 

ftUoirin?  tdiU  joint  JtmAisjq,  JUm.  aoo^itfld  and  «ndbr»id  mw>*a  xBCosraen- 
datiom  for  rwtnicturing  ita  ptogm^   lha  actions  to  ba  ta}(m  «1 
 Huilliij  buSgart  ra&actlens  an  aa  fbUaus: 

1.  Oananl  asdgat  SMUctlona  $400,000  ($26.4«  IMnding  level) 

niBimta  XBO  awiior  acientlfic  jsooitlcn,  allsdjiata  »?3port  for  page 
ciuuP9«»  anl  travtl  for  visitijig  chscrwere,  eXiiairwita  suiport  for  the  liglht 
poUiitifin  pTPgraBii  nduoa  n^fxrt  fc^  oentral  aft^inistratiw  seivioes  and 
for  Uie  Joeson  ha^qiartais  building* 

Itavel  aipport  vould  ba  paxvided  only  for  thesis  students  vorkiiig  on 
iSoctoral  xwaarch  and,  at  the  Diractor's  disanati^n,  for  scientists  whp 
camot  obtain  ofthar  funding. 

2.  Eliainata  the  Advanoad  Dsvelqpra^  Ftograsn   $459,000  {$25.94H) 

Gcatings  Iftaanatooty  wuld  be  pcrwanently  dosad?  «wwt  for  the  prototype 
intartarcBtftric  array  would  step;  a  scientific  staff  portion  in 
intarffsmtxy  wsuld  be  alisdnatad,  as  wsuld  an  engireering  position  in  the 
F3T  prograa, 

3.  Mirror  Ptoma  Biase  out  $275,000,  FY  89;  51,100,0(»,  JV  90 

{S25-e7H,  FY  09;  $24.84K,  FY  90) 

HaintAin  ICAO  n^sport  for  the  StewanJ  Gteexvatory  Mirror  I^aboratory  only 
thmj^        1909.   Ihis  will  save  $275,000  in  FY  1989  and  S1,100,000  in  FY 
i990.    MCMD  still  oonsidei^  the  ftaneyoaab  Mintar  to  be  the  i^iaary  qption 
tap  8-satar  tdaaoapas,  but  it  curmtly  has  no  aA4Ji'v/vttl  Biaeter  tclesqqpe 
pro!)act» 

4.  TUqsorary  Nawures  in  FY  1999   $1,270,000  {$24, 4M) 

Defta-  fiacilitiaB  naintcnanoe  and  occputer  purd»aes,  &eese  non-payroll 
apmliiB  at  FY  1988  levels,  and  fttaeza  vicant  positions.   At  this  level  the 
hudgpart  Is  raduoad  to  the  Frasident^s  request  for  ry  89. 

5.  Solar  Proggaa 

Wtsk  vith  solar  ooaaaailty  to  develop  a  long  tenn  prograa  for  solar  {itysics 
tdthift  NSO  that  provides  for  a  viitoe  NSD  iwier  various  assunptions.  IJie 
■ocf»  of  this  study  oovaxs  the  N90  f^ilitias  and  the  OQNS*   Ihis  plan  vmld 
be  ii«)l«mit«3  in  aarly  oalnndar  year  1989  to  neet  the  level  of  fundirg 
pcoiridad  within  the  Itaidmlt*s  budget  request  to  Conqrass  for  FY  90« 
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Dr.  lAura  P.  B^utz 


Way  27,  1988 


6.  nlmaoapm  clomm 

In  tte  vusMT      1909,  om  0.9"«  teXcsccpe  at  KSHD  »dll  be  closed.  FXsids 
MMd^  %Mch  ara  asti^tad  tc  te  between  $50,000  and  SIOO.OM  will  be 
to  bf^axM  tlie  tsf^caX  imtnsientatiai  fixiigiaia  at  Xitt 

7.  GthvZMues 

9t«fs  that  nwe  oaneAdend  and  not  noasaended  becBUse  of  their  wvere 
impact  an  taw  Aciance  and  on  the  user  cxnmity  %«»  rloGuina  ^  4  telesccf^es 
■t  C310,  yhirti  %ioMld  am  an  additional  $400,000  and  ixaaodiata  dcaeurv  4 
t^awopaa  at  KtW,  «^ch  vculd  8av«  $500,000;  ve  also  oonsiderad  but  do  not 
xmiiaaeiU  holding  OCNS  at  its  current  ftanding  level  of  $1,000,000;  the 
Itt'miaai  plan  for  FY  1989  will  raoonamd  incxwaing  funding  for  this  project 
to  $1,500,000.    In  apite  of  their  oonsoquosnoes  for  Scimce  and  the  user 
ocemfiiity,  one  or  sore  of  the  above  ataps  vculd  be  necessary  if  the  NCW) 
budget  level  falla  aignificantly  beloi^  the  I^mident*s  rvguest  level  of 
$24.4M* 

Hie  priswy  oonsidaration  in  arriving  at  these  xeocesoendaticra  was  tte 
quality  of  the  scianoe,  iJhich  ms  viewed  as  being  sere  ispnrtant  than  mxnber 
of  piislioations,  size  of  telesoope,  or  uniguc?)esa  of  a  particular  facility 
or  instnaant.    It  ia  also  air  view  that  %tewvar  poaaibaa,  NCAO  ahould 
purchaMt  rather  than  de^op,  talesocpas,  instnaaentation,  and  ^pacific 
taciinologiaB.    It  ia  alao  iziportant  to  prwida  an  osdarly  transition  period 
for  thomm  piv^w^  for  «hich  funding  is  to  be  xaduoed  or  phased  out. 

WRK  further  vaaoBBflnda  that  the  balanoa  batwem  aolar  and  nighttiu 
aatronoay  be  nintainad  at  the  level  of  the  FY  1989  progrm  plan,  uhicd)  will 
be  aiteittad  to  the  R5F  later  this  sisraer.   Baaed  on  Xim^a  assas£mnt  of 
the  adentif  ic  qpportunitias  and  raguixvoents     theaa  two  arvAs  of 
naaaxch,  oddit^^nal  xvlative  inczwsaa  in  funding  for  aolar  progfaw  ars 
not  ^isss^ad. 

Jffim  faala  tiiat  it  ia  aiaentlal  that  thia  budget  reduction  be  ooi^^ad  with  a 
dear  oanitDBnt  ty  the  KSF  to  fftamg  naticnal  dbaarvatorias,  including  no** 
ctearving  facilitiaa  and  inAziaoantal  oap^dlitiaa  ao  that  HCAD  facilities 
will  xenain  fxa^xtitiw  with  tta  finest  faniHtiaa  in  the  world. 
AoCDedingly,  MSU  idaoaa  hi^  priority  cn  the  aady  oo^deticn  of  a  prvposal 
to  omtzuct  two  8-0  taaeacqpas  and  on  aaaldng  partial  funding  for  this 
pscojaet  throuq^  aouraaa  outaida  the  KSF.    1st  addition,  KS&i  fi»m  to  join 
with  tnivacaitiaa  to  jointly  omtnict  and  cpante  at  laeat  cm  additional 
4*«  t^aaoopa  at  CTZO  and  KPHO.   Ihia  effort  will  toe  carried  out  within  a 
Ural  of  effort  budget  by  using  mivarsity  fisvis  for  oonctruction  and  by 
doalng  analler  ICMO  teleeoopea  end  zeprogrmBning  cpenting  fUnda  to  new 
fadUitiaa* 

A  nwter  OS  hard  cteioea  have  been  mde  in  pnfaaring  thaee  raooanendations* 
Iha  Mvanoad  Caycloiiaant  Progm  and  especially  the  wm  effort  to  devalop 
iiggafteggtric  tacfniquea  hB\«  bem  alialnstad*  In  defarring  its  farther 
flaiding  for  the  sirror  casting  psx^raa  to  the  a-«  else,  KmK  raooyiiges 
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ttat  its  Mi»intim  to  h^ild  tmlmoBpm  vill  del«y«dl  laitll  prQ^mx 
funds  wt  authoriisd,  and  that  oonstnictlan  of  8^  telesoofxs  will  tmXy  in 
pKt  fin  tKfmlogy  aMlqpftl  lay  othtr  HMO  idll  voric  dcoely  with 

StoMXd  ObMBCVstcsy  to  hBlp  aate  tha  «inw  nogm  suoowwful  anS 
praductliAi.   A  J9n9  xsnp*  j^an,  liiich  talM  Into  ■ooowit  z«alistic  astlioBtfss 
llMly  Asidijig  2mIS|  is  also  MsM  te  tha  H^anal  SPlar  Gbsars^toxy. 
As  7MP  diractor  of  K90  idll  ba  chaz^ad  with  praparing  auch  a  plan  by  early 
in  niandar  ymx  am,  and  this  plan  viU  9ulda  ICAO's  prograra  in  solar 


Wi  bslisva  that  tiwse  mtef»  anr  as  rasporaive  as  poGslble  to  the  needs  of 
tha  adBOLSiity,  givan  the  constraints  paaoad  on  M»D  ty  the  fiands  prwidal. 
Ht  hops  that  yw  will  aoc»pt  these  laumumlations  and  authorize  WC«HO  tn 
pnxaaad  vith  the  naoesaazy  actions. 


ftyaSoB. 


SiJioBzalyf 
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Ihe  minion  cff  NM)  is  to  conduct  worldhdass  •clmtif ic  invnestlgations  in 
wsplo^isii§  ^  univtttva  at  qptioAl  ftnd  intrarsd  wvclengths.    This  incluies 
jMilding,  c|»rtiting,  and  oanducting  nseardi  with  vorld^ass  facilities  of 
*  xvm  of  sizes  and  tadmical  capabilities  aptsn  to  ell  u.S*  astzxvicners; 
oootmhatijig,  and  participating  in,  and  often  leading  t^  tactinology 
(l«VGlcpaG3it  pnsgrajns  essential  to  all  cfTtical/infrajned  efforts  in  tl>e  V.s, 
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ADVISORY  COJWITTEE  FOR  ASTRONOMlCAt  SCIENCES  (ACAST) 
SVBCOKMJTTEE  ON  THE  NJ^TXONftt  OPTICAL  ASTRONORV  OSSERVATOHlEi'  (NOAO) 

TEKXATIVE  nCENDA 
Wednesdftyr  H«y  25,  2966 

Introiluctory  Remarks  (Tape,  Baistz ) 
Opening  Remarks  (Oertel) 
Overview  (Wolff) 
Divisional  Programs 
{fieckex-ss) 

CTXO 

KPHO  (P«Youn9) 
NSO  it«{ibach«r' 

Lunch 

Science  at  KOAO 

QMsars  (Dsmer) 
Infrared  (Catley) 

Budget  details-Opt ions- Implications 

Adjourn 

Dinner 

Thursday,  Hay  26 
Closed  S<?ssion 


09:00  proposed  KOAO  Plan  (WoJfi,  staff) 

1:30  Committee  Discussion 

05:00  Adjourn 

Friday,  way  27.  19$8 
Closed  Session 
09:00  Coiwtiitiee  Discussion 

01:30  Committee  RecMtvn<?ndations  to  NSf 

05:00  Adjourn 
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X0:00 


12:00 
01:30 

03:00 
05:00 
06:30 


ADVISORY  COHHXTTEE  FOR  JVSTORNOMXCAL  SCIENCES 

subcdhmXttee  on  the  nrtxohal  optxcul  astronohy  observatories 

LIST  of  particxpants 


Hsr 

R.  Nicholson 
t.    P,  BAUtx 
K.   W.  Ri«0«l 
$.  h,  TuttZ* 
C.  N.  Kttll«tt 
D*  O.  Wmtsel 
P.  J.  Giovanc 
O .  Peacock 
A.  AsraeX 

K.  Wilson 

MSB 

N*  Basnmssen 


ARIZONA 
R.  Angel 


WOAO 

S.  Wolff 
D.  DeToung 
P.  Osmer 
4*  Beckers 
7.  Gstley 
3,  L«ib«cher 


AURA 

R.  Noyes 
C.  0«rt«l 
8*  Peterson 
C*  Anguits 
X.  Honeycutt 
R.  Rossi 
R.  MscQueen 
R.  Zdanis 


ACAST 


A.  B.  C.  Walker, 


696 


bcc:     Go£*tz  Opt 

Enclosure  4b — ^Letter  fro«  «r,  Harry  A^b^^rB  to  Dr.  Wdrxijn  PaKt*r  of  thr  National 
Sci4;r,cc  Board 

5m  Diego  SUile  Univt^raity 

FCHjnoATion 

San  Diego,  CA  92182-1900 


JAN3C19S9 
January  24,  X989 


Dr.  Warren  J-  Baker,  President 
California  Polytechnic  State  University, 

San  Luis  Obispo 
San  iMis  Obispo,  California  93407 

Dear  President  BaKer: 

Thank  you  for  taking  the  tisse  to  discuss  astronony  matters  at  the 
recent  neeting  of  Trustees.    While  I  have  not  yet  seen  the  agejida 
materials  for  the  Coionittee  on  Fro^rai&s  and  Plans,  I  did  want  to 
set  down  the  thoughts  regarding  the  H5F  budget  that  are  uppermost 
on  the  minds  of  those  involved  vith  the  sanagement  of  the 
nation's  optical  observatories.    As  Vice  Chair  of  the  AURA  Board 
I  have  been  involved  in  extensive  discussions  on  these  i&atters 
with  Goetz  oertel,  President  of  AURA  and  Sidney  Wolffs  Director 
of  NOAO. 


Background 

Discoveries  in  astrono3n>  arc  changing  our  view  of  the  universe  at 
a  pace  that  has  not  been  snatched  since  the  time  that  Galileo 
first  turned  his  telescope  to  the  heavens.    The  key  to  the  rapid 
advance  is  the  opening  up  of  hbm  wavelength  r«hgions  by  building 
space  observatories.    During  the  next  decade  the  HASA  great 
obseivatories  will  provide  capabilities  in  the  gajraa-ray,  x-ray, 
ultraviolet  and  infrared  regions  of  the  spectrum. 

It  is  the  nature  of  astrophysical  processes,  however,  that  nucb 
of  the  significant  infomation  content  about  abundances,  dynamics 
and  physical  conditions  is  found  in  the  ground-based  optical 
region  of  the  spectrum.    Bigh  energy  processes  are  well  studied 
in  the  radio.    Both  of  these  areas  are  the  traditional  province 
of  the  NSF,  and  progress  in  astronomy  depends  on  having  improved 
capabilities  in  those  wavelengths  tr.at  are  observed  from  the 
ground  as  well  as  from  space* 

The  pace  of  discoveries,  of  new  insights  and  of  innovative 
technology  development  continues  to  accelerate,  Astronoiny 
attracts  the  very  best  scientists  and  engineers?  astronomy  is 
uniquely  effective  in  attracting  young  people  into  technical 
careers;  legions  of  Americans  a^Lts  involved  in  astronosy  as 
amateurs,  through  the  media  and  through  planetariumsf  and 
astronomy  is  deeply  connected  with  htiaan  culture  through 
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^ilm^y  and  raliglon.    Hwarthalcaa,  aatronmiy  has  farad 
poorly  at  HSF  wh«ra  tha  budget  for  astronony  oaa  baan  laval  alnea 
W«4.    No  naw  talaa(^;>aa  hava  baan  ^ilt  for  X5  yaara  axcapt  in 
radio  aatronrayp    Bacauaa  of  tha  incxaaaii^  acopa  of  aatronoay, 
individuals  and  dtearratoriaa  hava  farad  avain  vo»a.  For 
axas^Xa,  ttoa  KationaX  optiMl  Astron<»iy  Obaarvatoriaa  (KOAO)  imy^ 
aaan  thair  bi»lgat  dacXina  in  rMl  taras  avary  yMr  for  tha  past 
dacada*    T«laa<7opaa  hava  baan  shut  down  and  nav  davaloimants 
di«coura9Bd  or  curtailad.    Grant  ftinda  ara  »o  acaroa  that  NSF 
Bust  dacXina  suf^rt  for  battar  and  t^ttar  prt^sala*    Froa  my 
own  axparisnM  aa  a  board  Mftbar  of  AURA  and  aa  a  formr  diractor 
of  adainiatration  at  HOM  (in  aignificantXy  battar  budgat  tinea) 
I  can  vouch  for  tha  fact  that  HOM  couXd  not  ba  running  a  aora 
conpatant  or  laanar  organisation.    Xn  fact,  it  ia  laan  to  tha 
point  of  b«ing  unhaalthy* 

Tha  juat  ralaaaad  MSF  budget  for  FY  1990  oontinuas  tha  trend*  NSF 
funding  ia  up  by  14%,  aatronoay  fundir^  barely  covers  inflation 
at  41  and  indivithiBla  and  canters  vill  gat  even  less. 
Mothbftlling  and/or  closing  of  facilities  ia  a  certainty  at  this 
level. 

Keanvhile,  Europe's  induatry  haa  convinced  tha  govamsents  of  tha 
nine  maber  countries  of  tha  European  Southern  observatoxy 
(£S0}to  invaat  $225  aillion  in  f<^r  naw  optical  telescopes,  each 
ona  with  four  tiaas  the  collecting  power  of  our  largest  national 
telescope,    onm  of  their  sain  argumants  is  tl»t  ths  project  will 
train  people  and  sake  Europs'a  industry  »ore  ccwapetitive. , . . 
Incidentally,  their  facilities  already  aclipse  the  U.S. 
facilities  in  nuabera  of  telescopes  and  in  furling  par  telescope, 
Aasrican  ingenuity  haa  he.  psd  us  keep  up  through  significant 
technology  advances  which  aaXa  our  saaller  telescopes  sore 
powerful,  but  ESO  will  soon  use  the  saae  technology  on  even 
larger  and  sore  aodexn  telescopaa. 


What  70  Do 

An  aggraa»ive  rejuvenation  initiative  could  be  funded  if  the  NSF 
aitronoay  division's  budget  increases  on  the  some  time  scale  as 
ia  projected  for  the  overall  Foundation  budget.    Such  an 
initiative  could  include  at  least  one  world-class  optical  and  one 
new  radio  telescope;  it  would  strengthen  the  technology  base  tor 
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aatronony  of  tha  futura  and  It  would  benefit  V.S.  aatronoaers 
through  grants  and  through  accaas  to  aodam  telescopes.  Tha 
natioMl  program  could  regain  the  lead,  or  at  least  he 
c^etitiva  internationally.    Even  then,  astronony^s  share  in  the 
Foundation's  budget  would  be  lass  than  it  was  a  decade  ago.  Tha 
HSr  should  -buy  into"  a  revitalizatioi;  of  grouiwS -baaed  astronosy 
in  general,  and  into  a  specific  set  of  plans  for  the  national 
canters,    while  there  will  be  fluctuations  in  the  budget  from 
ye^r  to  year  because  of  the  political  process,  soae  statewent  of 
cosaitMnt  to  a  set  of  goals  would  be  invaluable  in  AUWI's/NdAo's 
planning  •    With  an  annual  budget  cycle  and  no  advance  information 
about  funding  status  and  priorities  froa  NSF  it  is  extraaely 
difficult  to  know  whether  to  plan  for  increased  funding,  which 
leads  to  one  set  of  priorities,  or  to  continued  budget  erosion, 
which  leads  to  another.    If  the  organization  goesses  wrong,  then 
the  progress  are  far  less  effective  than  they  aight  be. 


fipeeifiemlly 

A  rejuvination  initiative  to  revitalize  the  NSF  astronomy  prograxa 
should  include:  -  ^ 

•  At  the  top  level  of  KSF,  comit  to  the  National  Centers  in 
A>itronony: 

-  to  their  missions,  goals  and  objectives 

-  to  keep  thea  viable  with  stable  base  support 

-  to  eabrace  their  long  range  plans  in  principle 

•  Follow  through  on  projects  such  as  the  Global  o»>* nation 
Network  Croup  (GCNG)  prograa, 

•  start  critical  initiatives  reconraended  in  the  last  \stronoBy 
survey  (cowraissioned  by  the  NSF  and  NASA  and  operated  by  the 
National  Acadeay) ,  such  as  two  8-a  optical  telescopes  for  the 
northern  and  southern  heairphereSf  ana  fund  such  initiatives 
separately  as  "add  ons"  to  the  base  budget.    "  ^ 

•  Develop  critical  technologies  to  explore  and  define  options 
for  the  Astronony  Survey,  such  as 

"  interferoaetric  arrays  (of  telescopes) 

-  single  isode  optical  fibers  (for  errays} 

-  arrays  of  detectors  (CCDs) 


Dr.  VarrM  J.  BaXar 
Jsnuanr  24,  1989 
Pag*  Four 


As  "guardians"  for  th«  national  optical  astronosy  cantsra  and  as 
a  laadii^  voica  for  tha  nation's  astronrasrs,  AURA  and  NOAO  ara 
dataninsd  to  sas  that  thssa  goals  ara  accmBplishod  and  va  plan 
to  oontinua  to  voica  our  concams,  axasparationa  and  hopas.  Tha 
Conittaa  on  Programs  and  Plans  can  do  wch  to  halp  in  this 
Mttar. 

WianJc  you  for  /our  intsrest  and  assistanca. 
Sincaraly, 


Harry  R,  Albsrs 
Gonaral  Manager 


aRA:dg 

cc$    Prasidant  Day 
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Value  of  Astxmcisy  far  Science  and  'tecimlo^ 


Science; 


o  Astrorap^  shows  xaatter  undsr  extrenss  of  tGS|»ratut^,  density,  stagnetic 
ani  electric  fields,  etc. 

o  Elesentazy  particle  {Avysics  and  aoanology  bocone  intizoately  inteir^related 
in  the  study  of  the  first  instants  of  the  universe* 

o   Explaining  v/tat  wb  observe  in  the  iffiiverse  plaoeu  the  most  challenging 
dEsoands  en  our  laiSexstanding  of  the         of  nature. 

o   Astztmny  UuidBm  en  ^ztually  all  o^£her  laathesatical  and  physical 
sciences  and  ijipacts  thess  as  they  iiip£K±  astrmciny. 

!Itachnblfigy: 
Astrono^ 

o  esploys  aU  conoeivable  iiauute-sensing  detector  lecd biologies 
o  donands  extzcncs  of  smsitivity,  qfuality,  effectiveness 
o  zequiTK  ccsbinaticns  of  detector  and  cccfxiter  technologies 
o  pushes  technologies  better  perfanranoe  and  higher  q^iality 

Edocsation: 
Astztrasy 

o  attracts  people  into  sdenoe  and  technologies 

o  illustrates  the  valtie  of  acdenoe  in  understanding  nature 

o  GBptures  tiie  iioagination  of  CKperts  and  I^qhksi  alite 

o  is  intiioately  connected  with  histoay,  culture,  civilisation 

o  ralatu  to  inaligion,  philosophy,  and  oi»:  place  in  the  xmiverro 

lha  fbllc3idng  letter  frtiD  Mr.  Ken  KHIcgk,  I^resident  the  lO.OCK)  nmter 
Asiruncmical  league,  a  federation  of  (onateur)  astronopdoal  societies^ 
docuBents  the  isportanoe  of  asUKnaiy  in  drawing  people  into  technical 
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ASTRONOMICAL  LEAGUE 


SO 

^  ^.  Maich  2.  im 

wmoji,  FresMiaeni  Senator  Rc^  C.  BynJ 

ST^^^'tS^''  SH.31  1  Han  Stnato  Officii  BtdQ. 

Washingion,  D.  2051CMB01 


Dtir  Senm  Byrd, 


As  Pmktent  ol  ina  Astronom^l  Leagus,  i  repfesam  ovw  amanHir  a^remomefs 
SmighcKil  fi^ft  ii,  an(^  a$  a  rasmch  chamtat  tor  Pem^aum  Ccm^ny,  J  om  mf  watr  m 
polymar  chtmialry  lo  asfrofwny.  TTwra  Is braiKti  ^  scJtiw  ma!  rffwa  gr»atar  aj:^!  to  yownp 
AmeHcans  !o  pvrsMe  a  ftctu^t  or  sciam^  lamer.  Havjffg  had  ma  opportur^  lo  c&(ooyar  ma 
ur^^ersa  at  an  uihf  aga ,  I  raafized  ^  tiara  wera  maf^  i^aas  af  sdanca  ^  Hi^raaiad  ma.  Thto 
«ip9f}am:a  is  aharai^  by  many  ot  my  feiiow  smmaur  aslronmnars  ard  mustfatal  iha!  Mronomy^s 
\mpart  lascfiea  far  t)e^nd  me  tr^kmat  astrDnomtoal  communfty.  Wa  aharo  otoarvat^l  muH% 
wim  tham,  and  we  cmidaf  oursaJvaa  part  of  iha  bro^m  comnivi%  ol  aaUYMwrnan.  H  i9  our 
daaifa  tHat  you  conaider  oiitstand^  and  unyauai  braadftii  (topth.  ancl  affae^anass  ol 
ASfronomy's  hppad  on  adi^a^  and  ac^noa  in  your  daSSiafationa  on  futura  of  NSf  si^iport  fof 
gfotincbased  aatn}nomy  at  our  natksnai  wi^ra  and  unhrersiltes,  Wtthm^t  adeqials  financial  support 
lor  cbsarvailonal  astrononiy.  tne  emphailf  so  dasparatah^  need  hr  scianca  acM«ton  tn  our 
countiy  wiii  auffer  funtiar  defeat, 

PhilRps  Parroteum  Cojr^ny  sponaors  an  annual  science  leaders  worK5lK)p  for  over  300 
aiameniary  and  secondary  sc^ce  9oachar>  I^af  ^^mses  ev^  area  ol  sd«rM.  Ea^  year,  me  one 
sut^  more  teachers  show  ^lerest  In  than  any  omer  U  astfon^y.  They  mtuH^^  know  that  by 
understanOJnQ  tws  subject  bener,  J^ey  can  attrKt  the  students  mat  woi*W  most  ttkely  choose  a 
carer  ^  scianca.  Most  high  school  sii^^  and  nnany  cotiege  Sudanis  do  not  know  what  ihey  want 
to  be  because  may  have  not  had  the  oj^nunity  »  dtecover  the  fascination  of  tf»  untvarsa.  By 
laming  support  to  astmnomica]  research,  our  government  wit)  provide  me  neoessi^  foundatton  on 
M^ich  our  oDun&y  can  grow  techrK>)og^^. 

The  greaiesi  benefit  f$  without  doubt  to  ow  natton^  young  peopie  who,  right  no***  mora  than 
aver  before  tn  the  history  pf  ou/  nation,  need  fomethli^  to  fo^  tha^r  aitenlton  on  rather  man 
jfrugs  and  TV.  Nona  of  us  can  save  the  world  singlehandedV*  but  by  offering  afiemailves  to  our 
young  pe<^e  such  as  astronomy,  which  has  such  an  ^peai,  I  msndi  ^  save  as  many  as  ma  good  Lord 
will  Diow  me. 

$incaral)« 
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Widfi  Rooo^nitlon  of  Naarits  of  tatzonoB^ 


uticlw  and  tmi.   So  do  iwwiyqpOT  md  aagaEinas. 

o  Okt  tiM  ba«tmll«r  Ui^  is  cm  of  tha  iMt  flcdmco  books  aver:  "A  brief 
hisboacy  of  TiBi**  by  Sbmmi  ^wldng,  a  victlM  of  Zou  Qohrig's  disease,  mS 
tsday**  ooayant  of  tte  fSofMoniiip  mm  held  by  laaec  Mawtcn.  'Ttm  book 
oown  tiM  Hast  eaoteric  iJUiiuB|iUi  of  wadesm  astzcftiyBicB  and  cosgology  and 
rttena—  ttMdr  waning* 

o  Antadi  of  tixsusands  of  taariora  are  asaatsaur  astztncDars,  organized  in 
Mvnal  mticanl  aocieftiaB  and  in  ooiattlees  a^xunciy  cluaas* 

o  Artjcunay  i»  taiiiyai  anoiig  the  jtwviaal  vcdmoM  in  that  ansteure  can  and 
do  ooRtributa  ngiUarly,  syitantlmlly,  and  signifloanay  to  reeeazA 
induditig  thnau^  abscEvaticn  of  variable  stare,  and  noce  spectacuXarly 
tfir^Tft  disoemiy  of  ooneita  md  of  aifwnavaa  in  distant  galaxies 
f  *t^1i*V  our  oun. 

o  fivasy  yaar,  taericane  attend  eaeaiong  at  the  1,000  US  planetariiss 
thzou^fiout  the  land.  Ite  net  popular  nay  be  the  National  Air  and  Slsaoa 
nmmm  lOanBtariiB  in  Msnhington  with  400,000  viedtoca  annually. 

o  Aetimuy  ie  wvared  extansivmXy  by  nempepfira  throug^xsut  the  1ml,  A 
mm^  aditorial  "taearioa  Ignone  AetronoBy  at  ite  I^iril"  by  Jdhn 
Mldaithal,  a  Hniston  ASiidpal  judge^  in  the  January  9,  X989  Houstcn 
chrcniola  foUow: 
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Outlook  sr.'sfc'c^xts 


tfW  Houston  CfU0fU(39< 


F«i«  2  cf  3   ?Tlce  te  Ocrrcl 


\merica  ignores  astronomy  at  its  peril 


Mim- 


of  ffxM6PPWioot>m^w8nfytff 

^  AMWHMqf  of  l9it  UlviPMI  of  T09i  it 


ti  t^«tg  lid  w«m  btffMi 


•ttnoBMiif  Im  taiiiiM  At  iMt 


cniMo  n  ■•  iMtflov  tti  tew  MOirawy  it 


iW^ilwr«lv«sfT 


nSttartel  ^ 


Im  M  Mi^^  toMl  crMM  wiam 


iiiMinpi  ntitittiwtHiwiTWfi 


HVtf  OHSMMi^  oils  IIO  i 

rftM^  tinkv  Imomw  Oto  II  s  |OTffC$  MiVfiiii 
MMOUMn. 

rnowunjiiiihiinooiotii 

nsnoi  vtevvtoi  Mi 

w>^itOoi  if  ]3M)oiO|^M9  HhIb^bA 

1^  OMM  {fit  MRl^  ilw      onNsrio  i 
nOltiWtttilNlM>Htttn<lfiUKOt»1wtii 
IOMbOM  Cl  tlHVVIIt  tcMttf  llfMl  •  Mciitf 

AMMV  ftM  MOl^Wld  tt     t  }^fMf7 

'ryl)()9Mf  tftdi^Mniiny.nottiWMiiyiotM^ 
OCM  <>t  tpK  tl  U|>t  Iff  tiNi  <■!  ■ju  jiiitti  tt 
1 1  ■  trttft 

fowctiwypjititwui  Mtw^opt^mtt?  AMnfr 
ig»cf  otit tttf»itt»>t  iiiiti  I  it.  F»ipi 


'jUMUPtir  Mdl  swv*  ptwftt  UttOCtt  It 


•vwOMtt  It  pttrMi  ItOCT  v)tMoi  ivfl 
o<wptt3t»w«»j»(kltoa«i»mil«ior 

nor  tf  ItVt  ^Mt  IiiSM0|M>  StOI  Vlfl  ftt  wtrtf 
tttMciMamMontottcfttfttltek 
niittiUttttfaBtoffirC«Tfditittttliol> 
¥OWByofQtfgBnMiiWM^iOiiWiiiitji 
Biwn,  Jnti  If  iiN  vnvvttl  It  Ottti  B  Mh 
t  W  g  t>H        OT  lilMBiiyt  w  IjliitWy  it 

«p«tifattM««ni»«mm««Twnt 
Mft^^titypr^tttw^tigfl  y^wifta 

wttooppy  ttw  wt^lO^TM^oit  yittiBr' 

M  (glitttWti^fftlMtitiMppWttt  aiBDBt^t 
Ml llKt  MMItt  tftRptlOl  pMVir  St  <>W  Wi 

isi  ttatOmMMipiortityw  19  ittr  ato 

C^ttlMltl  MitMpt  litt  MOk  ft  ItW  t'^'trtlf 

l!tiiO>  bMH^ORt  ft  f«t  ft  It  ftrm^iit  t( 
■a  ptVii^Ot  tfatyt|ty<toi|W  i^ 
w  It  ow  li  Mittt  ttftnontoo 


M  Bvfc  nM  iiOiMMttSjriiitf  tlliciM4j  it 

tfttpfMtf> 

Ti  wpt  Hit  prttUt  tfcnfttfwy 
*oma  ai>«litSitif  £%itoSwtO<w^?*^ 


lES^Bttl^^^Mt  if  ti^ijt  VV  wt  MtOQM 

1irA«tloetaitflt»o^ti  


,    _  loSii^taj 
^  ttttMntitaQretiMSf  teiMOM* 

^^^iNt.yi<tttfcwfltitlttitrtfHi  wttarffBit' 
ltraRrtote9lsttBMiiaitttM.wtctoiaM| 


JMft 


UMtottttBUnte 


Oit  Jtaot  tf  imt  t 

^AtmtfOtlinirfMfttrttttt' 

BSfOtpnMLFttiNMItNfl^t 
 ,  JfittEi1N0CI*}Mtf|iMf^ 

VftUkt  tbt  mkt)  tMtn.  «9  teeir  l!r«is  ffi^ 
wetty  y  iwijijiigfty^  twp 
IMi  pfttitMly  6Q<ntONitl    ffflottr  itovt  I- 

im«  tlMtrmor  ^<  ^ 
in  «toi  fOM  Omo  «ifl  inr«  ter  CMts» 
BVK  itfr  fifOW^  Hit  ts  tit  dttS  tfttHOt  If  ^ 
ta|<w»t«iijptfi*wi*rtyttAowrt«.*w»>? 
«tM  tot  »or«  isto  tttnaoov  tttf)  «t  fptoc 
picttit  ^  titr  cMi. 
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Skaott  Htxane^  oifuu  SmdoB  ttm  ctemticn  and  dirtocllon  ty  tte 
Bttth^tt  atMM|toa»  £na  vtziy  li«|it  and  otter  eftesta  ctf  dvilizaticn, 
^Bmmac,  apmcm  wda^am  m  fmt  9and  tar  brtwMn,  cggt  a  lot,  gwyiira  daoate 
<af  plmmiaf  aand  iEi|iaratiai»  ^xal  a  cciylwc  ijiflastiu^mf  anS  an 

dlffiomt  to  ■odamiw  csna  laundhad, 

ttoairifciwd  (Otewatosriw  aia  affteM  by  tlia  atmjiiiOT  but  ara  Ima  cxasUy 
to  build  «id  opamts:  a  aodam  ^LwnStamd  talaaocpaa  tha  aisa  of  Urn 
mktlm  Cfpaoa  -Maaoopa  cm  ba  built  fcr  *canly*  abcut  $1CMU 

r  tiwml  ml  a|wa  cbaocvatosiaa  that^foiw  uunyl— iit  aach  c^han    it  ia 

oaBt-a£fiKti¥i  to  rawve  spaoe  tglaacxapae  cnly  fos:  atudiaa  ittdcb  csnmt  ba 
dona  tviM  tba  igpnound* 

QuirfiMatI  Btf  ifaos  twlwrpif  alao  innili—il  aacb  attar  in  cthar  wj^: 
acM  daiac^  Icxak  aivarficdally  no  ditfimi^  to  ijium.ljaaai1  dbaarvOT  tiian 
do  biUlona  of  ataia  or  galaxiaa  but  tun  out  to  ba  imy  ipaciAl  or  unioie 
itan  viaaad  £ns  apnea.  Cncaa  Idntifiad,  auc^  cbjacta  can  ba  ^udiad 
Mtmivaly  ffcm  tha  gtound  to  undarrtand  md  axtsOaln  tbair  mtuzv,  or  to 
daflna  hav  to  hm^  ism  panacdon         talaaoo|>a  tiM  to  foUlXM  vp. 

illl  Vtateal  funding  ^  i|mna&aaad  ofaaarvatariaa  ooMa  ftvai  tha  KSF*  NASA 
ftnSixv?  fdr  tha  aqpport  of  i|aaoa  siaaion  such  aa  ttaoacy  and  data  analysis 
^^^*^'^m  mnast  tor  iralatad  groiAwd  oboKvatiGna.  (fieo^Aian;  mSA'a 
pOLanatuy  pcopaiiO- 
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1.  'itm  euxv|MKi  scuthBtn  ctmrwtary  {£90} 

S9D  Im  MPtotolished  m  cbattvatoary  i  .  cMle  «tiicti 

o   Cfm-Bt—  tuin  om  aany  t  nliw  i  fi—  am  NCAO's  Gtarvo  7t>lfido  Zntax>-«Daricm 
Cb— rwiatogy 

o  spmis  tvio*  as  nrii  par  t«Xe0OOpe  «s  does  NCMO 

o   will  bt  tte  site  ot  fdur  nev  &-fi6ter  taleocqpes,  the  cqfuivalent  oC  a 
Vi^mr  taleoGope,  called  the  Very  laxga  Iteleaoope  (VIZ^ . 

IliB  nina  BBoter  naticra  of  £90  togattar  have  finaly  ocnaittiad  sm  than 
$2001  tc  build  tte  VXir«  tha  ixarld's  lair^wt  talaaoqpa. 

ZRtaxnrt  in  cxsfKitltivenen  in  adanoB  ant  tactaoloqy  has,  in  part, 
aotivr.mS  S5D:  its  CdxactGor  Genaml  haa  atatad  tluit  In&istry  in  tha  nina 
w*  ^Imxi  naticsna  niuluxl  hard  to  oonvinoa  thair  mM|)aLtdva  yw^jiaan^s  that  tha 
VUr  mild  help  Euzcfia  boocBB  aooe  ca^istitivB  in  tha  maacld,  and  that  the 
pctarj^ct  oould  not  ham  been  staxtad  without  this  99pogrt.  BSD  and  Europe 
rvoQcptin  that  aatxcra^  pushes  fan  the  lisits  of  technology  and  that 
adentiflts  and  engineers  will  grtsw  as  they  mat  the  challenge  to  build  the 
VZJT  and  tp  sate  it  wrH. 

ESQ  has  hired  the  leader  of  the  talesocpe  piuiiam  away  fna  ICAO.  Ohe 
OixBsAar  General  of  £S0  has  been  quc^:ad  as  czediting  the  European 
cbaarvatorlea'  tmmjtavse  as  a  wcrld  power  in  astroncay  as  due,  in  part^  to 
taarioa'a  neglect  of  its  national  observatories, 

2.  Ijhitad  KingdcK  (W) 

Hot  a  BsOBbar  of  ESQ,  the  UK'a  Science  and  Digineering  RBsaaxrii  Cbuncdll  has 
reoently  dadaiad  a  UK  share  of  at  least  4£^  in  an  8«-raBter  telaaoope  as  one 
of  its  four  )QBy  pivjects  foo:  groundbasad  ataoBpherlc  and  astroncnical 
adenoBa. 

lha  W  plan  closely  parallels  that  of  the  NQM)*  Both  partnars  axe  ttmretcacB 
oDordimting  their  S-sseter  telaeocpe  plans  and  are  eaqplaring  a  joint  piujatt 
to  fltare  in  ti)e  costs  and  benefits  of  building  and  operating  sucti  a 
telaaoope  V 


JtKfnn  has  plans  to  build  an  8-^ineter  national  telescxspe  and  has  reserved  a 
site  for  it  on  »^una  Kea,  Hawaii* 


3*  Japan 
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Wi^iingfon  DC  2000^1202 
202  78^756 


M*rch  31,  1989 


TlM  HcMm^blte  Doug  Walgren 
ChalrouMi 

SubcoomlUao  on  Sconce,  Reswirch  and  Tcplinology 
Kousff  Science,  Spi     &  T<K!hnok>gy  ConmiittfM^ 
U.S.  Hmim  of  Repres^ntatlvcm 
2319  Rayburn  House  Offkf^  Building 
WAvhtngton,  D.C.  IC&lh 

Dimr  Chairman  Walgrtiii: 

On  behalf  of  the  American  Society  of  MecbsnScal  Engineers  Ta»k  Force  on  the 
FY  1990  Hattonal  Science  Foundation  budget,  I  am  pleased  to  enclose  the  Task 
Foreo*e  »lale»a©nl  on  this  very  Important  topic - 

We  request  that  this  statement  bo  included  in  the  offlrl&l  hearing  record  of  your 
recent  NSF  budget  hearings. 

If  you  have  any  questions,  please  contact  Nancy  RobJeskl  in  the  Washington 
office. 


Sincerely, 


Akuwider  Dybb^r;  Ph.D 
Chairman 

Task  Force  on  the  NSF  Biidgrf 


Enclosures 


TOT 


'Urn  Atntfitm  Socitty  ol 
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SEitemcnl  i^f  the 
Task  Force  on  the  Nitionit  Science  Fooodation 
of  the 

Amcricftn  Society  i>f  Mcchaotcil  Engineers 
on  ihe  Ntiionat  ScicDce  Foundation 
FY  1990  Budscf  Rcqves! 

Submitted  lo 

Sutcommiltee  on  Science,  Rtsearch  and  Technology 
Committee  on  Science*  Spsce  snd  Technology 
VS.  Houie  of  Rcprcseniaiivci 
Urch  3J,  I9S9 
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Mr,  Cl^airniAB  una  Mcmbcn  of  ihe  CommiiM: 

Wc  ipimxiaie  xht  of^ftuiiit^f  to  tubmii  our  views  oa  tli«  propoud  Fiioil  Yttr  (FY) 
1990  budgei  rcqmt  of  tbc  N«lKmal  Science  FouaiUtUm,   Tkt  Amcrleio  Socieiy  of 
M^tiaalcal  Engiofcn  (ASME),  U  ■  aoa-prpfit  edocr  ikm»l  bqiS  technifvl  loclety  of 
l»Bclkiii«  TOcliisical  eoiioecrt,   ASME  was  foi^iHlfd  over  one  hsndred  yeirt  tgo.  md 
todty  in  membenliip  exceedi  t  IMOD  pfOfmiOBtU  In  mcchtaial  CBgiiireriflt 
ioctudini  19,200  tiudeotft.    Bccaaie  of  NSF*i  proniacDi  role  in  mcchaaical 
easioceriot  research  aad  edacaiioa,  ASME  fau  a  loaf  aod  coafinuiaf  history  of 
lateral  ia  both  the  immediate  aad  loaa  term  direettoo  of  NSF.    Our  members  practice 
maay  foplicaxtoas  of  ent^aetriag.   Becavte  of  NSFi  promiocat  role  in  mechiaical 
eaiifieerik^a  research  aad  cdacafioa.  ASME  has  a  ioog  aad  cdotinuioi  history  of 
ialerest  in  both  the  immediate  aad  loa|  term  direction  of  NSF. 

Thia  natcmeat  wis  prepared  by  a  task  force  of  the  Coaneil  on  Edycatioa  of  ASME  and 
reprcaeaca  ihe  coniensus  of  that  gro^p  rather  than  as  official  petition  of  ASME, 

The  teik  force  strongly  endorses  the  Adminiitratioa^s  p)aa  to  doable  the  NSF  budget 
by  1991  and  we  itroagly  urge  the  Congrm  to  keep  this  plan  on  track.    Our  comments 
will  foctfs  primarily  on  the  bndget  reouests  for  the  cogineeriag  programs  of  the 
FovDdation.   We  are  particularly  concerned  with  the  balance  of  funds  bciweea  the 
basic  aad  more  applied  areas  of  engineering  research  and  the  engineering  education 
programs* 

Eagiomiog  playi  a  hey  role  in  maintaining  aod  strengthening  the  technological 
leadership  of  the  United  Sutes.   Engiaccring  research  provides  the  necraary  link 
between  scientific  advances  and  the  introduction  of  new  process^  and  products. 
Without  proper  investment  in  this  technological  bate,  the  ability  of  the  VS,  to 
cmiinae  as  a  leader  in  the  drvelopinent  of  new  technologic*  will  be  stgnlficintly 
Impaired. 

OVERVIEWr  NSF  FNGINFERINO  f^\jpnrj 

The  FY  1990  budget  requm  for  the  NSF  Engineering  Directorate  is  $21 U  million. 
This  reooest  is  aa  incrrise  of  S219  million  or  111  percent  over  the  current  FY 
J9I9  plan  of  SI  17.8  million.   Even  if  the  reouM  is  approved  In  full,  it  is  aciodest 
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when  oBf  conspden  ihai  iherr  have  not  been  ftiniri^nt  tncreaits  In  ike  NSF  basic 
enitBecrlnB  Dro^irimi  for  ihc  liit  foyr  yt%n.    If,  at  hat  recenity  been  the  case, 
thit  biidfei  pr'^poMl  wilt  evenluaiiy  ht  inmmed  below  the  request,  iheo  the  NSF 
cufliieeriBt  profram  wiil  ran  ihc  riifc  of  having  inadequate  budsets,    Thh  will  mtie 
it  even  more  difficslt,  if  sot  irapoisible,  fcr  NSF  to  balance  iti  support  for 
PfPirams  that  foster  economic  vitality  with  ihOK  fhaf  ensure  the  long  term  healih 
of  buk  eniineering  research. 

In  FY  NSF  supporteti  a  larger  fraciioo  of  engineering  rcfcarcli  at  universiiies 

than  any  other  federal  agency.  Today,  the  Deimrtaieni  of  Defense  is  the  largest 
source  of  funding  for  engineering  research  at  vniversiiies.    Wc  do  not  wish  to  see 
engineering  research  at  VS  universities*  become  mission  oriented  and  iK>D 
dominated.   Thus,  it  Is  important  to  provide  significant  growth  in  engineering 
research  at  NSF. 

Almost  from  lU  inception  in  FY  1979.  the  NSF  Engineering  Directorate's  bndgct  has 
been  about  10  percent  of  the  total  NSF  budget.   This  despite  growth  in  the  NSF 
budget  over  the  last  few  years.   Given  cBgioeeiisg"!  importance  to  the  VS.,  and  the 
Engineering  programs  imtwrtance  to  engineering  research  and  education,  we  believe 
that  the  Eagioeering  Direciorate  budget  should  be  larger  than  10  percent  of  the 
total  NSF  budget.    We  urge  Congress  lo  provide  additional  funds  to  achieve  this 
goal 

BALANCING  FRIORITIES 

The  Engineering  Directorate  o  has  programs  in  two  broad  areas,  basic  or 

disciplinary  research  and  more  targeted  or  cro<i  disciplinary  engineerini  research. 

A  summary  of  the  budget  changes  bolh  for  the  basic  or  disciplintry  engineering 
programs  and  cross-disciplinary  programs  fof  the  last  three  years  are  shown  in  the 
appended  Table  I. 

The  Table  I  figures  reveal  thai  over  the  list  three  years,  the  basic/diKiplioary 
programs  have  not  kept  up  with  inflation  These  figures  are  typical  of  the  funding 
incretses  for  the  basic/disciplinary  areas  over  the  past  decade. 
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The  prcp'  seil  Incrctus  for  FY  i990  in  these  diKiplmary  programs  arc  inadcQuaic  to 
(hunter  the  pjcvious  lick  of  fnodiiis  or  to  keep  pice  with  inflafion. 

Undtr  these  cireomstiaccs,  it  is  difficult  lo  see  how  these  programs  ciR  be  expanded 
or  attpport  addiiiooal  investigators.    If  the  sai»e  budgeting  constraints  prevail  as 
in  the  Igst  three  years,  the  total  request  will  be  reduced  and  those  programs  which 
ire  fortonate  enough  to  receive  even  modest  increases  will  actually  experience  a 
budget  decrease  after  inflation. 

Many  external  (non*NSF).  «nd  internal  (NSF),  R&D  programs-some  of  which  are  slated 
for  increased  emphasis  in  FY  I990~wi]l  suffer  unless  they  are  built  upon  a 
tali^actory  engineering  science  base.   The  nation's  technological  leadership  and 
iadustrial  eomiietitiveneas  have  historically,  and  will  continue  to  rely  on 
engineering  research. 


We  endorse  the  propoal  to  increase  the  priority  of  Education  and  Human  Resources 
within  NSF.    The  intent  within  engineering  is  to  ^revitalize  the  engineering 
iiBdergmdnatr  enterprise*  bv  doubling  the  funding.    This  is  an  imporunt  first  step. 
NSF  has  the  unique  opportunity  to  work  with  educators  and  professional  societies  to 
eonceive,  advise  and  demonstrate  innovations  in  engineering  education.   We  strongly 
arge  congressional  support  for  this  aspect  of  the  NSF  FY  1990  budget  •^eguest. 

CONCLUSIONS  AND  RFCQMT^MnATlQNS 

We  support  the  proposed  increas  s  for  the  FY  J990  NSF  budget  for  the  Engineering 
Directorate  and  endorse  the  Foundation's  commitment  to  developing  and  sustaining  a 
high  level  of  federal  support  for  l»>th  engineering  research  and  educntion.  Given 
the  Impact  that  engineering  can  have  on  VS.  economic  competitiveness  god  the 
imporuace  of  NSF  to  many  areas  of  basic  and  focused  engineering  research,  it  is 
essential  that  Congress  approve  the  proposed  FV  1990  NSF  budget 

Farther  we  urge  Congre«  to  increase  the  NSF  funding  level  so  thst  the  Engineering 
Directorate  can  grow  to  more  than  10  i^rcent  of  the  total  NSF  budget.   The  proposed 
budget  iDCregses  can  help  NSF  balance  iu  support  for  programs  that  foster  economic 
vitality  with  those  that  ensure  the  long*term  health  of  basic  research. 
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H  it  our  hope  thtt  the  Subeoismittcc  ^lll  view  the  budget  ti  an  imrortani  invcsimcnt 
in  tht  nattoa's  economic  iad  industriil  future,  fhe  rewirds  of  which  the  fiiXion  wiU 
reap  many  times  over. 
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ActLivitry 

Chwiicml.  BioCheBlcsI 
and  TharMl  Engr. 

Hachos^ca,  Structur«a 
mod  Materials  Sngr, 

EXsctrlcal,  Coaa. 
mad  Syacaaa  Engr. 

Total 


TABLE  1 

aASlC/DISClPLHURY  PROGRAMS  * 
(■lllions  of  ^llata) 


Actual  Actual  Currant 

zns&z  mm  msss^ 

$28,42  $28.90  $30.5 

25.09  2S.78  27.3 


Percent 
89/87 


7.31 


8.81 


23.38  B5  i&J2i 

$76.09         $78.08         $82,65  8.6« 


CROSS  DISCIPLIHARY  PROCRAKS 

(wllllona  of  dollara) 


Ac^ty^ty 

Offaign,  Nanuf ,  6i  Coisputar 
Xnras^AtaiS  Engr. 

Eaerglng  Engr. 
Tadmologlaa 

Critical  En^r. 
Tachnologiaa 

Croaa-Diaciplinary 
Raaoarch 

Total 


Actual 

mm 

$14.26 
15.74 

24.68 

$86.99 


Actual  Currant 

mm  £m&2- 


$15.38  $17.4 


16.59 


25.11 


18.45 


27.35 


_3LJ1         Al  75 

$93.41  $105,15 


Parcont 
89/87 


21.8% 
17.2% 

20.96 


*    At  constirutad  in  fy  1987. 
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Coundl  'o^ 
Chemical  ' 
Research,  Inc. 


■  1  Mh*<l  rrtMKUMTT  C> 


One  Bethletm  Flaza 
Syltt  911 

Bethlehai,  pa  ISOIS 
(21S)866  7725 


Pterth  2,  1^ 


SuteOMltt**  on  Science*  ftesearch  and  Technology 
CMtttee  on  ^ime*  Space  ami  Tecfmology 
U*  s.  >tofe  of  R^rtsentatlm 
Rejrtwm  Hmiso  Office  millding,  Roo«  2321 
Ifashlngton,  DC  20525 

Dear  Chaimn  H^lgren: 

In  cwmectlon  iiith  the  SuteoMU tee's  early  flarch  hearlno  on  tt» 
Netlimal  Science  EoumSatlons's  Ft  tntc^t  re^juest,  the  Cottncll 
for  Che«1ca1  Research  offers  sow  facts  irfiich  we  believe  are 
Important  and  worth  your  consideration. 

I*e  recognlie  that  a  five-jwar  autherUatlcn  for  NSF  progress  1$  In 
place*  We  are  also  enare,  however,  that  the  necessity  of  redtfcing 
the  Federal  budget  deficit  way  ^Ing  nm  pressures  to  bear  on  the 
WSf  request.  Therefore  i«e  wish  to  place  In  your  hands  these  facts 
for  your  use  when  appropriate* 

The  Coimcll  for  Chemical  Research  vas  fomed  In  1979  to  help 
strengthen  the  U,S.  econoi^r,  cowpetltfveness  and  fiualHy  of  life. 
Ite  do  this  chiefly  in  tw>  ways:  building  wore  Interactions  between 
acadewla  and  Industry,  and  li^rovlng  support  for  ^$lc  research  In 
chetistry  ami  chearlcal  engineering. 

Our  wenbers  represent  the  157  universities  i^re  nearly  all  the  U.S. 
ecadenic  research  In  these  fields  is  done,  and  the  55  aajor 
coMpanles  whidi  carry  out  «ost  of  the  corresponding  industrial 
research. 

All  the  data  we  can  find  show  that  our  coe^anles  contribute  a  such 
larger  share  of  the  expenditures  of  pertinent  university  departnents 
than  do  any  other  Industries  to  their  pertinent  departawnts. 

Hecesserlly,  however,  the  major  source  of  support  for  this  nation's 
scientific  research  In  uf-iversltles  Is  the  Federal  Covemwnt.  In 
the  case  of  chealstry  ^nd  cheilcal  engineering,  the  coablnatlon  of 
public  and  orivate  support  is  uniquely  well  repaid,  by  a  net 
PDsltlve  trade*baline»  af  ovtr  Sio  M}}^^.  Ve  believe  this  level 
to  be  unique  awong  technological  disciplines.  It  Is  anong  tN 
reasons  why  chaalstry  and  chemical  technology  are  r^Urr^  to  as 
■the  central  science,'  and  why  healt>v  support  of  basic  research  In 
these  fields  is  so  important  to  everyboc(y. 
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Tfw  Homriblt  Odus  Valgrtti 
Kirch  2,  1989 

TMt  tflKlDllM  stafids  oyt  wmg  tKott  i^ich  offer  not  mrt^y  scltntlfic 
prattlfle.  but  ilso  mny  Inmn  benefits.  It  stands  mi  in  aeetlni  the 
uractlcil  censlderetlims  In  the  Netienal  Addend's  recent  report  to  the 
Coi^ss  concerning  priorities  of  science. 

The  spectm  of  henefltf  to  our  society  from  chMlcil  processes  Is 
asUmlshlng.  AD  feed  proAictlon.  wirly  ill  of  wr  energy,  aoet  nedicel 
odvii^  n^lodlM  the  prenfse  of  biotechnology),  end  modem  Mterlals  of 
•11  tjfpes  (Including  the  promise  of  superccmdi^tlvlty}  are  only  a  f^ 
MMples* 

Other  areas  of  sclwice  tod  engineering  offer  similar,  ihouqh  m  believe 
less  sueeplM,  bwieflts.  In  aiur  event,  the  vital  nU  of  tciencg  ^ 
enqlneerlno  leads  clearW  to  th«  g^iriusifln  that  th#  rv  rgouests  for 
!™  Fouitdition^i  research  and  «hii:itiim  aroorAtns  and  for 

lliht  of  the  ami  thOflld  be  fully  allotied  bv  th#  Comire^tr  ThTm^ 

requests  are  SI. MS  binion  for  research  ml  related  activities,  and  $190 
■111 Ion  for  science  and  englneerli^  education. 

There  are  two  overriding  reasons  irtilch  lead  to  this  conclusion:  the 
central  importance  of  nmt  knowledge  on  i*h1ch  to  base  technological 
advances,  and  enlarging  the  pipeline  of  well  prepared  young  people  who  can 
discover  and  use  that  new  knowle^. 

lie  do  have  we  concern  with  the  HSf  Mqet  request.  Hi  thin  the  Engineering 
Directorate,  the  former  Chmalcal,  Sloch«iical  ar^  Thermal  Engineering 
Ofvlslon  has  been  chai^  to  "Chmalcal  and  Thermal  Systems.'  While  there 
Is  a  Division  of  Biological  and  Crlticel  Systems,  bloprocess  engineering 
does  not  appear  there  or  elsei^re.  To  de-e«has1ie  bloDrogessgc 
enolnetrlftq,  an  essential  area  in  Mittlna  md  futur*  ^iatechnoliMpv, 
be  to  forego  some  important  pimortunlHos  to  aalntain  U,S.  leidgrshin. 

It  Is  m  longer  surprising  to  state  that  the  United  States  will  compete 
serlouslv  in  trade  and  will  have  a  satisfactory  <^al1ty  of  life  finbuif. 
emong  other  things,  we  Mintain  strong  support  of  research,  greatly  Is^rove 
the  attracting  of  bright  young  pople  to  preparing  for  careers  In  science, 
eogineering  and  mathematics,  ami  assure  high  quality  of  such  preparation. 

^  knowladM.  litre,  briefly,  are  some  examples  of  ttm  research 
opportifflltlos  In  science  and  ei^lneerlng  which  must  be  seized  if  the  U.S. 

^^J^  ■^•^  abreast  of  com^titor  nations*  Some  of  these  examples 
hava  been  In  the  news,  but  others  iray  surprise  you.  It  takgs  ve^rs  tg 
whieve  thasa  ^Mngs- 

Now  materials  having  hi^  ratios  of  strength  to  weight  sometimes  outperform 
steel-  Others  offer  new  capabilities  in  electronics,  -uch  as 
extraordinarily  highly  packed  circuitry  on  semiconductor  chips.  All  such 
materials  result  from  new  combinations  and  manipulations  of  the 
chemical  elements.  Chemists  and  physicists  work  together  to  achieve  the 
necessary  new  understanding. 
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Pagt  thrM 

nw  Honerabi*  Doug  Hilartn 
Marck  2,  ing 

SlIS???MiI*"';-»!L  """S**       '»»«''  ""W  •ttrictive 

'^S^Lv"".  «lvinc«J  cfiMlcal  knowlsdg*.  both  for 
anflWfUndlBS  toMrt  further  increases  tn  crltlcil  teapereture  (belm  HhUh 
tlwjr  arc  soparconductlng)  and  for  producing  then  econoMlcally. 

rtferrwJ  to  as  genetic  engineering,  Is  done  wistlv  by 
MocJe-m«  and  blocfwilcal  «,g1neers.  They  study  the  be^vior  of'tte 
^tlc  wIocMles  known  as  DM.  Their  wrk  involves  discovery  and  use  of 
clwjilcel  understanding  to  cause  plants,  alcrobes,  etc.  to  Mke  products 
WHCT  wni  enhance  agriculture,  cure  disease,  and  even  catalyze  Industrial 
|H  vLflsses. 

Coition,  a  chealcal  process.  Is  our  energy  nainstay  and  will  be  for  may 

tTSlt  «rfr*Z-  /k.?***.*^^  "^n  the  on  cartel  returns 

to  past  pricing  hibits,  1«q)roved  energy  eonservatlen  will  be  as  vital  to 
IKS  ecom^y  as  will  new  eiwrgy  sources,     to  li^ortant  portion  of  th»t 

expanded  understanding  of  the  chealstry  of 
co^ustlon  proc«$es.  In  order  to  raise  their  efficiency. 

!il!Lt!U'!!l^1'K-^^."L"i"''   opportunities   ind   frontiers    are  quickly 

X!???  .   "Frontiers    In    Chemical    Engineering"    ngsS)  and 

"l^rtimltles  in  Chemistry"  (IMS).  ' 

Si^li.i-'y  PlBf^lnft,  we  read  mtch  about  and  are  beginning  to 

-^'"'■"J^"'/*'"'"'^'"  *>^^9*>t  young  people  who 

eSlnwHng  *  ""t^e^^^^"'   science  ami 

;5;.r"\dis.?trth^s{?ns':'°     "^•^^"^  ^'•^  ^^'^^^^ 

IciJilnst  S  ^'"^  '  '^^"^"^  ''^       '  ^^""^ 

III!  prograo  encosqiasses  a  well -planned  range  of  attacks  on 

K?t^»  the  task  of  catching  the 

l!!?i!^?il^4r^.?'''^''!  younssters,  starting  them  on  roads  which  can  iMd  to 
Sl2Sl?2«  ™1f«.  and  engineering.    They  reinforce  this  with 

"it^  P"5"»*'  »»'*«"«»  exhibits  and  the  Bodemlzing  of  curricula. 
"'«""^';«l"t«  students,  and  even  high  school  Itudents.  to  get 
experience  In  real-world  research.      They  enable  college  faculty  to 
stJengthen  their  teaching  by  doing  cutting-edge  research.   They  financially 


7  '  >  ^ 

9^  4\ 


716 


Tilt  Hcmoriblv  Och^  Hilgrtti 
Itarcli  Zf  iW9 


mAU  Witttindlng  gridvaU  ftwtents  to  cqmplttf  •dvtnced  trilnlnQ.  Very 
1ii«>ortMt1y,  r\md%  «rt  dirtcltd  to  attract  and  onablo  nfnorltlos  and  wcMitn, 
and  also  disabltd  stiRtents,  to  mm  Into  caretrs  In  sclenct  and 
•flgtMarlng. 

I^'s  rtitarch  progrM  aikos  a  relattd  attack  on  %H  probltm.  l^lvarsltjr 
rosoarch  dtptnds  tm  facultj-gulded  tffort»  of  gradyato  stodonts  and 
postdoctoral  pti^lo.  In  turn,  tNso  jm»i9  peoplt  aro  oxfwrlonclng  th«  best 
posslblo  training  In  tire  Mny  areas  of  science  and  engineering  i^lch  will 
be  crucial  to  tfie  ecmmic  health  and  quality  of  life  In  all  parts  of  the 
United  States. 


The  Cowcn  for  Chewlcal  Research  drairs  attention  to  the  close  ties  among 
reiearcti  In  science  and  engineering,  education  fron  early  schi»l  years  to 

rostdoctoral  training*  the  health  of  the  U.S.  economy*  th9  U.S«  quality  of 
Ife,  ma  the  quality  of  our  envlforwent.  He  hate  n  «lnd  the  long  lead 
tlMi  Involved  In  brlnglf^  about  the  benefits  of  science  and  engineering. 
We  recognize  the  threats  to  our  cw^tltlveness,  our  edmosur,  our  energy 
systeiis,  our  envlroiwnt  ami  the  global  cllute.  telence  and  engineering 
aV^  cannot  solve  or  avoid  the  problems,  but  they  conprlse  an  absolutely 
essential  part  of  the  solution. 

tilth  these  thlmis  In  alirf.  ite  uroe  aost  lerlouslv  that  thg  Coiwresi  allow 
the  fMlJ  FY  19K  budget  reouests  for  the  Watlonal  Science  Foundttl^ 
research  til.803  binionl  and  «faicit1on  (Si^  ■llllonl  orograqs^  and  the 
Oeoarfent  of  Energy's  basic  «nerqv  sciences  oroaraa  fS5go  ■lllionl. 

Ml  also  urw  reconsideration  of  the  aooarent  de^ei«>^>il^  on  hicprocest 
eftQlneerlno,  in  order  to  avoid  a  Lirlom  ion  of  poportimlty  for  U.S. 
leiderahlfl  In  blotKhnolSy: 


SUMNARY 


Respectfully  yours, 
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SOCIETY  FOR  AMERICAN  ARCHAEOLOGY 


TTutiuii^iOw  on  8eiHio%  llMMrch  and  imtihatitognf 


I*-.  Ctj^iim  ih©  Society  for  Amrt»  Ait*^^ 
pmni  iNs  tesiifiiony  for  9w  RsmS  in  1^ 

Nadonii  8c49noe  FouncMoa  TTw  SAA  Is  wqaos!^  m  knenmsB  of  SI  o^Hon  tor  me  amnmpotaisy 
cMAin  of  ttw  NSf .  1?w  (»niinu«J  Inured  and  SMppoit  01  yoirsulx» 
■tlmt<u»torwc»aaotoBlc#r»<OMPc»proCa^^ 

T?i*  SoGtaiy  for  AfiMdcm  ^MiMlogy  li  «n 
MCwMon  oomprM  of  tioifi  pR^ratontf 

dfcCT^tiy,  HHi^fg^iiw*  pfdtctton  of  wofiaooioqfcMi  Hirioigi  of  Aiwarica  Foundod  in  IBM. 
iNi  o^aoiM  of  tfw  8M  m  to  pipmom  tcMte  rao^^ 

oiiaitng  doaar  pjiofaMtonii  lalito*  anaong  aiBfiaaoiotf*  and  ctfier  <nti>fMiad  m  Amarican 
arehaaotogy;  by  gutottng  tha  rwaaicft  worts  of  anMuni;  ty  adwocadng  conwwMton  of  afcnaaotogtaa! 
Ma  and  aimhallon  of  commarcMnlion  of  arc^^ 
poNte  appwdidon  of  tha  ahm  and  BmtoBoro  of  arehaaoipgteai  raaaarefi 

OpnCrfbudon  of  An^naology 

*Mmck)of  doom  nof  Invofwe  rrmOf  coflactfrig  arttacts:  I  is  me  iq^si«natic  sdemfllc  sfi«}y 
of  die  mal^  renialns  of  r»jman  M  and  cuXure.  An^haeological  ti^  comiin  the  undocumented 
lamaini  of  past  hunnn  aclMliew  and  are  fragSe  apureM  of  Irtom^^ 

NMoiy  of  me  nahon;  prvtiistodc  titm  are  the  only  testemiint  of  12  mOennta  of  culbMal  i^svstopniem 
of  MKive  AmeHcanit, 

AniUBotogy^  ooniitxidon  lo  the  his^  of  Amev^  It  ^  n 
fwipei  ftam  the  paopftig  of  ma  AmaHcan  continani  thou^^ 

of  9Mvt  Americans,  «>  me  M  Euofsean  tefdamanit,  our  cxmntiy^  ftntgg^  for  Indtapandenco,  me 
opening  of  the  W«a.  the  tmsfomudon  of  rural  Gommuntfe*  and  deveiopnieni  omt  gmi  dues.  An 
aociai^  Interpr  aiattan  of  the  past  1$  flsswttoi  to  an  und^smand^ 

an  otr  pmam  popUation  as  a  people.  Myc^  of  Sha  hevtage  of  thb  OMxitiy  is  leprasentad  tnte^  by 
the  tangtoie  indocumamed  mmstns  of     past,  and  thb  la  what  afchaeology  recovw^  If^cfpretg 
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ArdiaaolDgfoal  ste  looting  h  feKroas^TQ  m  m  atsamknq  and  rapid  rata  Federal  agencies. 
CooQmstiofttd  convnttoos  sid  pfofmsionai  oi^paniz^ions  repofts,  NK^udHx*  but  not  l^nRod  to, 

Gwieral  Aooounflng  omce;  7lw  Th^  of  hx»an  Af«acts  trom  Archa^okxtic^        Orec^  H^inQ 
ty  tfw  SUboommiBee  on  GsnenJ  Oversigrt  and  bmssi^atioa  Hoim  Medor  Cofnmmee; 
f^g^m^qcwnent  <f  ArctiaeotoQte^  and  Pateomotogto  Ftosources  m  Fedeffti  t»xis»  Hearing  of 
SuboommttM  on  PiMc  im3»,  Bmetved  Wmr  and  Rssot^ces  Consmva^  Serva^  Comm^Qee  on 
Enaigy  and  ftesotms;  gxi  loo^  America's  Archeotoote^  Heritaro  by  ttw  NcaionaJ  Pmk  Sen^, 
doetananl  an  atarming  and       fncmaso  in  ^  looimg  of  ^es  on  put^,  fxhfm&  and  ^idi^  lands 

Sotfistics  from  ^lesB  reportt  cto  c^amaiic  exstm^Aes  of  a  nasimui  aisis.  For  exsnp^,  nearly 
90%of  Imim  alSes  on  fedwai  lands  in  the  Four  Comeia  area  of  the  southwest  (Nm  M«6jo, 
Arizona.  Ul^  «id  Coksradi^  ftavie  been  looted  or  vnKMiedL  The  Fish  and  WB^^le  Service 
estimates  that  one-third  of  ttie  600  known  bxfian  ^ch^ological  sftes  on  lefuge  l^nds  in  the  ama 
have  been  damged;  most  of  this  t&ti^banoB  occtmBd  In  the  last  10  to  15  y^ss.  The  Forest 
SenHce  estimmes  that  neaily  100%  of  the  Classic  Mn^sres  s^es  ^  «xjthwastem  New  Mexico  has® 
been  vanda&red.  Aeeordlng  to  Nm^)nal  f*&k  SenHce  statistics,  the  mmtber  ot  repined  incidents  ot 
tooling  and  vand^sm  ot  sites  on  federai  texts  Incfea^  42%  fiom  ^a)  19S5  to  Sscal  1986.  The 
national  Ooeartic  and  Amnsph^  Atfailnfetr^ion  has  exp^ieix^  looting  d  unctennrater  sttas  tn>m 
Key  Laigo  In  Florida  to  the  Qi^v^  Janets  fn  Cj^om^ 

On  butoi  tetnds.  a  1000%  increase  of      footing  and  vandaHsm  occuned  between  1S90  and 
1967.  Some  flB^>ertak  Indudbig  federal  tand  managers  and  iawf  entorcemetti  personn^  beseve  tfris 
remtSed  trom  tootere  ^ifftlng  ihefr  active  onto  fenttoi  toocfe  because  oJ  Increased  er^ceinef a  on 
federal  Iok^  Very  IWe    known  statistic^  about  the  extent  erf  JooUng  on  priv«B  temds  or  wi  mtfe 
or  toca^  pi4>Bc  tex^  EvkSenoe  from  ttie  soi^ces  dted  sixM  show  thai  kxAkig  or  anc^raecHogic^ 
sites  on  private  tand  is  rampam  tt^ou^KM  ttie  cixirtry. 

Our  sctent^nc  database    toeing  systemai^:^  destroyed  fot  per^Hi^  gain.  The  t^  can 
play  a  key  rote  hi  the  futtue  of  archaeology.  Wth  the  documemed  toss  of  afchaeotogkaJ  resources 
reacNng  crisis  pn^>onton  trom  tooting  and  vand^sm,  k  is  more  cruo^  itm  ever  that  suffice  fum^ 
be  avaSable  tor  basic  archaet^o^ca)  research.  Archsraotog^  are  not  like  other  scieniists  who  can 
sec^  s^Oftftoant  furnfing  iff  the  NaUonal  histiuaes  of  Heafth,  the  Depdrtmertt  ot  Detet^  and  &her 
toderal  agencies.  HSF  is  the  or^        soiree  of  fund^  for  t)asic  sdemjtic  ar)(^)aeo(ogical  research 


A/niaooiogy  m  me  ftflioriai  odonce  rounoapon 

Archaeology  at  the  Natior»i  Science  Fomdation  is  t%snd&^  thrcHigh  the  artfm^pology  program 
In  tfie  Behaviond  wid  Neurai  Science  Divi^oa  Afthoi^h  tt^  NSF  has  f^ed  a  crtttca)  r<^  ^  the 
devetopmen!  of  sdentffic  archaeotogy  and  has  been  highfy  cooper sHvc  with  the  archaeo^ogiod 
professkxx  ft  has  rtfatively  Sntited  fi^s  wtt^  are  gettSig  t^er  than  ever  iTeft^e. 

The  AxkrMsua^  FY  1990  buc^  has  bud^ted  S22  tmon  lor  the  National  S<^enc« 
FouKiaiion**  overtf  budgm  Of  this  the  B^iavloml  arid  Neur^  Sciences  Dlvis^*s  mcrme  are 
The  Amhropotogy  Pio^n  is  slated  for  a  a5%  increase  from  $7.73  mWton  in  FY  ^  to  $8,0  rmon  in 
fiscal  19901  TT^  is  only  an  increase  of  $270,000  of  which  an^^aec^kral  n^earch  receives  on}y  a 
part.  Tt«  pro-am  ^o  supports  othef  &ut>d^d;^ines  of  anthropc^ogy.  The  other  program  ii^hin 
tfie  Divteion  received  falriy  sut»taniiaJ  leases 
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Stonmaiy  ol  Fiscal  1890  Programs  in  Behavtorid  ami         Sciences  Dhnsion 


FY  89 

FY  00 

$change 

7,73 

.270 

as 

Unguapo  Co(^ilDon 

9.50 

.700 

7,4 

Btoiogy  or  B^wvtor 

11.«2 

1.133 

114 

17-13 

1.170 

7.3 

The  Sodoiy  for  Amerfean  Archwotogy  ^  mquesi^  an  incm^  of  $1  n^ton  to  be 
Spawfital^  eamwfted  for  tfia  mfatyotoar  progran.  Aocon^sany^  ii^)oa  language  iixlicating 
inl6ft  ol  tfiB  Oommlttee  thsi  ifieso  funtfc  be  used  for  arcfwec^oQica}  research  woiM  bo  very  useful. 

1?ia  Sodeiy  than)@  the  Comitttee  for  fhe  Of^x)ilunity  to  presertf  tNs  staiemem. 
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Appendix  IV 


NATIONAL  SCIENCE  FOUNDATjON 


205  50 


January  5,  1989 


omtetoii 


Ita  Honorable  nobert  Roe 


Oiainxan 

Sclanoft,  Spaoe,  and  TacJinoiogy  OoRinlttoe  JAN  1  '  toon 

2321  Rsytsum  fkusB  Office  Building  ^  ^ 

HQU9B  of  RnprasBntatives  ^  * 

HaahUigtan,  DX.  20515 

Dear  Mr.  Qiaizman: 

X  an  tranamlttlng  tlie  FbisidatiGn  if^l  en  tte  status  of  scien:^  ockicaticn  in 
tMO-yaar  and  oomjnity  ooileges,    itie  report  is  in  xwpcnse  to  K.R.  2330,  tl» 
fijuaa  paaocd  nSF  auttnrizatiGn  legislatian  raquestli^  ttm  Diroclxxr  tl« 
RDuidatlan  to  admit  "to  the  House  Ct«itt9©  an  Scierce,  ^pace,  and  Itoctmlogy 
and  the  Senate  CbRioittee  act  Lakm  and  Hunan  ReaDuices^  a  repait  on  tf»  state 
acdanoe,  tadralogy,  and  engineering  ptu^awB  in  the  nation's  two^yaar  ffivl 
ooBiajnity  coUegee.'* 

Ttie  report  snwldes  a  descriptive  prc^il©  of  tuo-year  college  ecicKKse, 
toatiwatics,  technology,  and  engineering  faoUty,  st\xlGnts,  curriculun,  and 
laharatory  pnDgrans.    Specific  areas  of  need  are  described  far  each  of  these 
inportant  ccuponmts. 

Finally,  ttm  rt%oi»  descritsee  the  current  and  potential  lole  of  the  Ft»aidation 
in  ZBspanding  to  the  needs  of  two-year  oolleges.    Ttese  activities  arrf 
ituxmwvidations  are  ccxsistent  with  the  Fbundatioi's  undergraduate  science, 
engineering,  and  mathenstics  edbcation  budget  requests  em  strategic  plan 
ra^Aired  tnder  the  Education  for  Eooncnxic  Security  Act  (P.t.  99-159). 

1  look  forward  to  havlrjg  further  discussicns  with  ycxx  negardirg  t^^se 
institutions. 


Sirv^eanely, 


trich  HlocJv 
Directoi 


Qxlosuras 


cc:    Ttie  Hoix)rable  Robert  Walker 
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lUttUn  tMD-ywr  coXlmg»  «irol2mnts,  valuable  Imn  zmouxxm  am  oval  labia 
iS  nurtmd  and  ixmidKS  «iith  itftlmXvtsno  laacnlng  qpforturdtiaa  in  adma, 
MthiatJiM^  nS  wi^Lnaaring,   ttmm  ati^Mv  hM  «i  IntKvat  in  oontiniirig 
tfMir  MiJDStlai  In  fcwyvar  inatltutiana.   Hauawr,  th*  cwxmt  adcnoa  nl 
anginattrlng  Dotiiaaa  «S  piuiiiw  ea^^mm  too  tm  of  ttam. 

PiitilM  in  flel«na»  «td  ■nglmaring  for  tMO"y»aar  «nd  csnnlty  csollcgpa  are 
ocrai«tant  ultt)  thon  of  fcaur-yw  in«tltutin:   Iranilng  faculty  ly-to^te 
in  ttialr  fiaUto,  dMlaping  ffujut—  and  pioyaw  of  stu^sr  thtt  will  attxvrt 
mid  xvtain  atudiRtB  -  patticuUrlf  sdnoBrltlts  and  mmm,  diwlfipii^  tte 
XitoantDcy  ULmmiail  of  adanoa  and  cn^inaarlng  ooums,  and  nking  am  that 
thy  im  m  atrang  artiwutian  with  tSm  pr«cDll«g»  «qpvlana»  of  acimtt* 
w>tiMn>tioay  nS  n^inaarijng  vtudints* 

tlia  mt  aftXint  sttxibutw  ctf  tuo-^yw  opllajaa  msm  ^  •)  aooM  to  hi^afNvr 
ai&catian  for  them  itfio  miJ^fKt  not  othmiaa  hM  auch  qpipGctmitiM,  b) 
divmity  of  laaming  pucpoaa  ranging  iscm  ptnonal  gmrth  oom.'ia«  nd 
rmdiatlan  to  ttw  fint  two  ymrm  of  coUaga;  aid  c)  slgnifioait  onmllaaita 
of  oinarlty  aid  lOf-inoan  ntudaits.   Him  inatitutlm  i  iiJiaaait  tta  iMt 
ohma  for  aaiy  atudtants  to  ocntinj»  tteir  icnaX  adboition*  pcovida 
oomas  i4iicti  tfUl  {svpsra  vtulaits  for  oollag*        ail  tfay  crffar  tha  f Int 
two  >aiii  of  oollags  aciava,  aatnanatina,  and  aiginaaring. 

(Xmt  1300  tMO-yaar  oollagaa  in  itm  Uiitad  Statat  ^-TO  pactant  public  awl  30 
paroatt  privata*-*  anvoll  4.7  aUlion  atvdanta.   Ihia  lajiiiaaifa  half  of  tiw 
ininontiaa  in  hi^^ar  aiUsstim  aid  37  pmoant  of  «1X  o^Iage  atudants.  itUle 
thas*  insututiona  Mrua  m  wlaty  of  purpaaos  tac  atudrnta,  thay  hava  a 
aingla  doninait  mtaaicn  —  iiatmction. 

Givan  tia  changing  danugxaphica  of  tha  population  and  tha  naada      tha  futurv 
mv^  foroa,  thaaa  inatitutlcna  hav*  tha  potaitlal  to  raaat  iflfsrtant  pipaXim 
naadi  ficr  tha  fiaXda  of  acianoa  and  tachnology.   in  paxtiouXar,  thay  offar  an 
iflfsortant  opportunity  to  attiaut  aignif ioant  ruAazs  of  ainoritiaa  Into 
acianoa  and  anglnaaring* 

tang  tl  J  aany  functlm  that  tMO-yaar  coXXagaa  aarva,  tw  ara  partioularXy 
lii|«tant  for  tha  fialda  of  acianoa  and  anglnaarlng.   Itiay  pcovlda  tha 
nruraaa  and  prograwB  naadad  diring  tha  fixat  two  yaara  of  o^Xag^XavaX 
aclenoa  and  «glnaaring,   And,  thay  offar  pnaraquiaita  nniraaa  ti^t  pcwlda 
atudaita  %dth  tha  knowXadga  naadad  to  faagin  ooXlaga  atudiaa  in  thoaa  fialda. 


riiirilM 


Tm^-ymBT  coXXagas  hava  iAportant  but  not  inauxmnt^a  pnabXana  in  their 
aciancaa,  mathanatica,        anginoarlng  pragma* 
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Ftaaty  iiriw       not  as         ^.^cpared  as  ttiay  naad  to  te  to  iMp  tlwlr 
onxraaa  and  Ifwt&uctionea  ptuyrawa  tlnaly  and  an^iging.    LijsitBd  psofaosicral 
dM^^omnt  pivortunitiaB,  homy  tsachlng  loads,  and  tihe  lack  of  a  actolarly 
tzadltim  kmp  Bwy  tMO-yur  odlage  facsulty  In  laolaticn  trm  tte  Bsix^tresQ 
of  tiMbr  aclanoa.  Mttxaatica.  or  anginasring  disd^irms,    Sima  tm^iij^  ia 
tfta  Miaaion  of  tMO-yw  oollagaa,  nooaarch  Is  not  a  faculty  Taapottibllity; 
hcMvar,  faoilty  often  lack  tte         and  oollagial  Interaction  to  davelop 
ottwr  Bcliolarly  luaults  keep  tDam  in  tuia  with  mnts  ani  diaopuvies 

in  thair  adtntlfic  or  angineering  fialds  of  taachlng.    Ihls  promam  Is  ncro 
aoita  today  ^th  rtjout  half  of  t*»  faculty  in  the  laat  third  of  tJ»lr  caroer^ 
and  distant  frcn  aoadmc  praparation  In  sdanoa  and  angixwering. 

Studnta 

StuSonts  In  tmy  yaar  Instltuticvis  ^isia  oocscn  pnobiams  with  all  hl^w 
«ci£ation  studonts  vis-a-vis  sdonoe  and  anginaaring  ^  a  lack  of  isq)araticn 
for  oDllage  leval  acianoo  and  snathematics,  lack  of  aotivaticn  to 
suma  aciank.a  and  mglneering,  and  a  daczBase  In  intaxwt  ti»  lor^ax- 

in  oolla^ya,    lW>-yBar  oolloges  alUaul  a  larga  futer  of  adjwrlty  nS 
lot<-inoowB  atudants.  amy  c£  i#»  aRpcass  an  intaneat  in  acimoe  cs- 
ergixiBering.   Homer,  minority  students  are  lass  llkaly  than  thair  a^jority 
paareto  actually  trarofor  to  a  fcur-yaar  inetltuticn,  anl  mmn  less  Ukaly 
t»  oonisleta  a  faacoaloumte  In  adanoa  nr  anginaarii^. 

Qirrioilia,  Qoucaa  Octant.  Uxntoriaa,  anl  Soatzix^t^mal   \ 

The  basic  c^iallengB  for  tMD--yaar  colleges  is  to  ircreaso  the  quality  of 
learning  fca-  stwtents  in  scienoe,  mathematics,  and  engineering-    This  mst  he 

in  a  way  that  engages  ana  rstains  students.    Studonts  who  arB  not 
pn^xiXBd  for  college  vrak  need  challongijig,  stlimilatii^  ooixsefi  Oiich  povide 
prBTBquisites  and  laotivate  them  to  ocntinje  such  stuSy. 

The  laboratary  and  equlpnent  needs  azB  in  two  ijiparta^t  ax^as.  IVo-yoar 
oolleges  need  to  x^grmde  their  instructional  laboratories  and  iT|sn3VB  the 
avail^lity  of  ncdezn  Instnrticnal  ©quipnaPit. 

Iha  nsdatml  Hole 

gowamnent  plays  an  liiportant  role  in  the  ts^^-yaar  oollego  araia* 
^  5^^®'  ^  Departront  of  Ertratlm  is  largely  r«|x3nsible  for  sti^tait 
assistanoa  and  plays  a  role  in  the  iJt|3rov«wit  of  adblt  ard  vocatimal 
ecijcatian.         Departnwt  of  Labor  plays  a  role  in  Job  training  areS  basic 
aAilt  literacy  areas. 

Ihe  National  Sdencae  f^xyxtotiog  -  h  Targeted  Hole 

Tha  a^\^iata  role  for  the  National  SciercG  Ftouwiation  is  cr»  of 
Intellectual  and  aibstautive  leadership.    The  BDundation  is  able  to  draw  upon 
its  position  in  the  sciaxse  and  engineering  oanninities  to  provlcto 
laadarship^  develc^rontal  support,  and  Intellectual  resouroes  to  t^UniuUiat 
two-year  college  scienoe  and  englnaerij^. 
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Jim  RuidttUoi's  iMdK^iip  mUI     nt  •fteUv»  in  MftdLng  am  thst  tte 
quAlltY  of  fMM  ^tv*-*^  «r«  oonaiMlvtt  vltdli  nnS  sdantU Ic  and 
mlmtflin  princdpilM*   Wm  RaundMlon  i«  in  •  particulArly  atraig  posltlGn 
to  iwiJQi  lis  MomM  tlttoiitfi  its  mte^miMt*  progm  ««!  pUnrnA 
iiMvwUw  imtUUvM  iWjch  ifioMM  th»  ooll«lmtlai  mg  tm  and  ton> 


9ta  fbmditifln  im  tmt  abi*  to  focus  oi  tisse  scsss  which  sf fsct  all  psrts  of 
tta  imtxucticml  ^u^ws  In  sdonos  snd  cnginwnng  —  faculty,  cuErlcultm, 
mA  Isbocstoriss.   PiotfisaHalicslly,  ths  FwidvtiGn  IncludBS  two  yssr 
rp11^;p«  m  sUgible  partidpsnts  in  taut  stsss:    1)  faculty  «nhBv»asit  In 
th»  oontatit  axsaa  of  adns,  — UwUcs.  and  wngism^irg,  2)  currloulisi  and 
lmlx\x±ianal  ia^mmtiA,  3)  tha  diavalopHRt  of  Ubontocy  oo^xnnta  of 
adama  mA  cngmarlng  pcagrmm,  and  4}  oolUbaratKana  -  a)  to  i^i&pw 
articulation  batwaan  two-yaar  oollaga  and  anondaiy  aciiool  adflrre  aid 
aatlmstir?ff  psograBS^  and  b)  to  iB^KOva  cooperation  and  articulatian  batwaan 
tMD-anI  fbur*  ^fsar  InatitutiaiB  of  hi^hsr  aduoation. 

If  tMD^yaar  oollaga  atxidenta  axa  to  i^prw  thalr  cfianoas  for  ftituia  laaxnlng 
4rd  auooaaa  in  an  IncTBaslngly  tadmlogical  aoonmy,  ttay  isust  parsist  in 
ttBir  adanoa,  nattwatios,  indoor  amglnasring  atudlaa,   Laiga  lutes  of 
iheaa  students  db  not*   Ptogrsma  in  adanoa,  mailiiBlica,  and  anglneaElng 
imst  tia  davalqpad  to  maka  thaa  son  attzactiva  and  engaQlng  for  tmy^smar 
oollafls  studvtta* 
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tMa  zvport  la  mpml  for  tte  thitad  State  Cti^praw  in  xaapmn  to  ttw 
M»Mt  of  ifm  Unltaa  Statm  «biiaa  ttf  nuaatwiluawau,  HR«23ao  [rniiiil  ty  t$w 
tej^t  of  HipuMaiH  ulJlvw,  100th  Qangraat^  X9B7).  lt»  cmwa  Mead  tte 
naaiMdn  to  laaaas  the  status  of  adanoa  nl  vngLnaixing  progrms^  dmxite 
thair  <oat  adgnifiovxt  defidmciaB,  and  pn>vid»  iauamMuM  actlcn  that  tte 
RsmSatlcn  taka  tso  adEfecasa  pcoblaai  and  dafidimlaa* 

Tha  xnxart  la  bsaad  on  ths  back^vid  mtarlala  and  xipart  of  tha  NMKml 

Sdanoa  BosnS  TMc  CUmUHaia  oi  miatyiactota  Scl«»  BngiiMdm 

Untton,   tKlpgiaduata  Sdanaa,  HithauaLUaa  and  BnrfmarinQ 

<MS8,  MSihinoto,  D.C>,  March  1986^  «l  #^  ^^^^;,^g-Ey^ 

itewlatlm  In  1988*   A  aat  of  thcaa  rtffxtm  Ma  pni«ias«d  ty  Wiotat,  In:,  of 

IkxicvlIXa, 

"tha  Qnrlaam:  k  Coding  of  J^Ymr  sid  Oaoanlty  Q^^^ggft  Catalog 
XntantlGn*  (Oahalon,  at  al,  19mu); 

"Ptataaat  Survey  of  IVD-Yter  ami  Ojaiunlty  QoUagw  on  Sdaroe  m9 
TtehnOloay  BAication"  (Cahalan,  at  al,  imto)  -  n-b.   tt»  20 
InaUtMtlcna  In  tha  pcataat  ara  not  a  nstlonal  aa^a;  fxsmw,  thslr 
za^ponMs  r^sruMHt  a  praliminary  plctuxa  of  currant  prablaoB  and  laauw 
facing  oonanlty  oollcgsa); 

*A  Ravlafcr  of  Selected  Data  on  Tte>-yter  and  Ckxsajnity  Cbliage  Sclore^ 
Mathamatlcs,  and  Tec^mog^  Pxa^mm'*  (Qmlff,  I9B8). 

A  nwazv  of  raaaaxth  and  analysaa  mss  praparad  by  ths  Oantar  for  tt»  Stu^ 
of  aaamity  CbUagas,  U»  Angeles.  CKt 

"A  PtBlljnlnary  Review  of  Katural  Sdanoo,  WatiMnatlcs,  ai^  B^ineerlng 
Education  In  OanMiity  Cbllages  In  19S8,"  (OGten  an)  Brewer,  1988). 


Intirockictim 


IViC-ysBT  ODlla^Bs  have  several  wilque  characteristics  among  institutions 
of  hlghar  adicatioi.   Because  of  their  diversity  in  edxi^ticnal  piOLjiami  and 
Btudvit  pq^ations,  they  ptwide  access  to  higher  educatlort  for  mllllore  of 
Btudants.   'n^eir  locations  In  \irt>m  and  xural  axeab  foako  ttm  attractive  for 
low-lnoare  and  minority  students  who,  if  not  for  ttese  Instltxitloro,  would  be 
left  Oit  of  higher  education.    Tar  students  inho  did  not  take  sufficient 
scienoe  or  mathamatics  osursas  in  their  pre-oollegB  years«  two-yoar  colleges 
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aCte  •  lat  dhflnoA  to  tmoafibssm  m  lot  cnnrhni^  to  {wvw  •  focMl  hl^tw 

tWg  ymr  colKg—  oftar  •  bigijYiiiig  pgstMoanctay  «^i»tlm  st^p  Soar  amy 
potmUal  adantists  «I  anginsra.   Tlay  offar  tivi  tagixvilng  tMo  3fwni  of 
oollaga  laval  oomaa  In  acimtlfic  and  anginaarlng  flaXda.   Ow  telf  of  t}» 
atuMlnta  in  tf^aaa  coucaaa  intand  to  aaxn  tte  iMooaiaunaata  di^caa.  2n 
adtUtim,  ttaaa  iJvtitutiaiB  play  an  important  xola  in  affOtts  to  incrame 
AUmUM  and  waam%  rang  tha  ranks  of  adantlsts  ard  angiraara  bacasB  of 
tha  laiva  nutar  of  sdncority  stixteta  anxollad. 

Of  am  total  adoriDB  aid  anglnaanng  S^.D.a  in  1987,  101  attaiilad 
oswiity  ocaiacpaa.   Aaang  Rtnorlty  RuS.  'a^  Hiia  imoantaqa  mm  10  paroant 
fiar  blac^,  13  poz^Ait  £or  Hiapanlcs,  «1  2S  panoent  for  mtXvm  JtoBrioam 
(OslMn  and  Bcmar^  1988). 

A  oesouFvivE  mrxLS  or  tw-ysm  ooujxz  siuddixs, 
ncuLTf,  camxoMm.  m  DcnwcTzaoL  uiBcmiORZEs^ 

Therm  arm  1336  tw  vwr  ooaiegaa  in  Urn  IMitad  Statas.   Milla  70  para^it 
ara  piJbUc  and  30  paroant  arta  prlvata,  94  peromt  of  tw-year  coUaga 
atudtata  attand  pvUic  inaUtutlona.   ifma  tMo-yaar  oollages  offar 
poataaoovxSaiy  adUoaticn  to  vtudenta  ttfio  attand  £ar  ana  or  rore  of  tiia 
ftdlocing  fivB  major  purpoeas  (Oanlft,  198S;  Cbhen  and  arawer,  1^)  because 
tliay  offar; 


^  Ifia  data  citad  in  this  xaport  ara  pxovldBd  by  tte  Natlcnal  Oontar  for 
EdUcsatim  Statiatica  (NCES  IW)  mlaaa  citad  ottwmLsa. 
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o  thm  tixwtt  tm  ymxm  of  m  tmoeaXmma^  progyiw  for  wMmitm  a«  lntand  to 
trwiste  to  iouE^-yMT  coXl^giB  or  tMilvBraitlaSp 

o  ■  ohancae  fear  ttio  high  aohool  gmSUBta  to  plGk      adam  and  wbUmmLIcs 
oounafi  itfUch  attvct  as  praziaquiBltas  for  ooXIagv  Urv^  mrtc. 

o  C|i>o>^tiaiitias  to  pursue  caraar  or  oooMXiticnal  progiaro  for  antxy  level 
knowledge  and  skills. 

o  oontlnulng  or  adult  education  for  parsoral  Interests  ptufetMlonal 
dewelciinant  or  occ^paticllal  t^grading* 

o  eccmUc  devBlOfmnt  activitiee,  such  as  retrainii^  adblt  cxr  displaoed 
wackars  and  custom  training  tor  ncM  or  ciianging  ^-^gdnBes  and  indbstzy* 

In  additicn  to  formal  education,  these  institutions  often  provide 
cownity  servioe  and  personal  intecrest  ocparienoes,  such  as  seminars, 
rwcnaaticnal  and  oUtural  learning,  anA  other  shoart  tern  experlenoos. 

THriO-year  colleges  in  the  Uiitad  States  ovploy  215,000  faculty  fnort^ers. 
Ifiose  faculty  reprBsent  a  si^f leant  porticn  of  the  hi^^ier  education 
oommlty  but,  when  surwysd,  peroeive  theRBe3*es  as  out  oi  touch  with  the 
mainTtrasa  of  their  teaching  rtiflriplines  (tus)c;n,  1^).    Faculty  are 
Intaraeted  in  doing  a  better  Job,  but  era  conoaxned  about  the  lack  of 
professional  development  OFportmities  available  to  them  (Cttan  and  Brawer^ 
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198B).  Ustad  tUxm  m  wmml  iJMpartwr.  oamtm  thmnCtrnxUttXcm  of  two* 

o  T^io  ji^ar  aca^99  faculty  spnS  tta  owitslailng  H^jcrlty  of  ttair  tlM  in 
imtxvcUcml  acUvltlM  ma  tmm  hwd«r  twchlng  loads  ttMn  faculty  In 
four  ytar  Imtltuticn.   tta  Intxuctional  tioclOoafl  oontrlbutaa  to  t2» 
iiMiM|Hion  «Bcng  wclmm  faculty  ttiat  thay  «c»  laolatad  fxcm  oontacl  nittx 
ttm  iMiistrav  of  Mmix  acadnic  fialds.  Uiay  hav«  llmltad  tim  or 

opporttfiitiaa  to  ikm^alop  and  ia|soM  ttissoalvaa,  UiaJLr  ooutvaa*  and  tiia 
oucricula* 

o  About  cna*fburtlk  of  ttw  adtfioa  and  anciinaacijig  facul^  hava  tim 
dDctonta;  ISMMr^  ttia  dtagrea  la  ofton  not  In  acianoa  or  mtgifmm±ng. 

o  Sixty  paioant  of  two-^Mr  ocaxaga  aolanoa  and  anglnaaring  faculty  ana 
aafdoyed  on  a  full-tiiw  basis.   This  is  omyaiaJ  to  ttia  40  psiowit  of  all 
tND-yaar  oollage  faculty  «4ho  aza  foil  ti».    In  contrast,  about  80  laaroant 
of  fbur-y«ar  oollago  and  vni^mslty  faculty  skvi  cDployod  full  tlm. 

o  thiaa-fourthB  of  all  ocRnuilty  collaga  facultiaa  ara  «hita  malao. 

Eii^taan  paroant  of  ttia  faculty  ara  tonan  and  6  paioant  ara  siinarltiaa. 
About  talf  of  tte  oomnity  coUega  faculty  an  in  the  last  thiid  of  t^vlr 
oacaara  (NSa,  1986)* 

o  Scianoa,  mattmatics,  and  angineering  az«  amg  tiw  most  difficult  mraas 
of  faculty  xacruitmnt  in  two-yaar  colXegaa.   IVio-yaar  odllaga  faculty 
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Mto  fltaut  $4,000  or  12  pvnnt  lm»  tte)  ttie  «v«nge  yearly  aalccy  csf 
four  ymar  ooil«g»  faculty, 

Hgfi  of  Ftoity  N»ed 

ttm  nomt  Bftllont  tMO-yaar  oolle^B  faculty  ifftablom  inclixld  tto  fbXlawlJig. 

o  ftoilty  Pgaparatlm^   IWo-yoar  collage  faculty  naed  better  pcipBratian  ix\ 
mnd  t9-tOKSata  kravladge  of  adenoa  and  angiiwrlng  disciplinaB.  m 
acftHtion,  part-tim  twoyoar  collage  faculty  m  leas  mil  pfttpaiml  tlian 
ttwlr  full  tim  oomtmparta.    Tic         collagea  naad  to  ba  odcb  aalactim 
In  or  pccvicfe  txainlng  opportmitias  .or  tha  part-tiraa  faculty  they  hiZB. 

o  Ftoilty  T>aacMnq  BihanoepMnt>    0|:|xnrtuiitles  to  gain  cuExmt  toiowladg^  anS 
participata  in  piofessicnal  acUvitias  xalatad  to  tiwix  teactiing 
diadpllnas  are  not  included  as  port  of  tiie  curmit  oonnunity  collage 
faculty  mzk  structure. 

o  Piofasaional  DeveloproBot.    Professional  development  among  these  tw-year 
ODllege  faculty  is  pcoti^oularly  isijortant  for  ^losa  Who  have  not  beo^ 
actlwly  engaged  in  disciplinary  t^xrk. 

o  yacMlty  TtoCTBT.   rte  lack  of  tunwer  among  two-year  college  faculty  in 
adanoe  end  engineering  is  due  to  the  curxwt  aging  teacher  cohort  and 
li4nitad  student  interest  in  tiiese  areas  (Cbhen  and  Brawer,  1988). 
lt«refoane,  these  colleges  have  not  hired  Bignificant  ruitsere  of  jym 
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teulty  iMnUy  tmwpmiml  in  9cAm}p9»  mVhmmUcm,  «nd  viQixMriiig 

o  nouXty  Droflnptdca.   mam       nlnariUw  mte  m»  Mil  pvtoontagBs  of 
tte  faculty  tlM(t  taeoci)  n«tml  sciflnoe  and  angimaring  In  tup-^faar  and 
coiBuiity  caoU«ga6.   iWD-yaar  cr>Uagaa  wUl  naad  tx>  aavvXop  spacific 
fftxmtaglas  to  attract  and  x«taln  Monon  and  minority  acianoa,  aaUjawatics, 
and  mginaaring  faculty. 


Half  of  all  Btudents  vto  pursue  poetapooodary  aducatian  bagin  tlwir  coll^ 
mtc  in  tM>-yMr  oollogaa.    itiasa  ooll^gaa  anroll  atxaut  4.7  mUllon  atxatoita. 
This  is  37  peroent  of  all  aollage  atud«its  and  47  peroent  of  all  attnic 
ninoritiaB  in  hi^jsr  education      43.1  paxcent  of  all  baacK  collage  sti^ants^ 
S5.3  poroent  of  all  Hlspanics,  and  43  peroant  of  all  Asdars. 

Ttm  divaroe  puxposes  for  Mhich  students  pursue  postaooondary  aducation  in 
tHD-yaar  oollagao  (see  p.  2)  aooDtnts,  in  part,  far  tha  fact  that  about  tuo- 
thijnds  of  the  studartta  are  part-timrs.   ITiia  is  ocsparad  tx>  tlw  one-thixd 
part^tiina  inSargradbata  studivit  population  in  all  institutions  of  higher 
adioatim. 

Moot  half  of  all  studants  mtsring  ooBnvnity  oollegas  have  aqiixationa 
**iich  require  the  attainnent  of  a  haocalauiBate;  however^  then  are  no 
reliable  national  data  on  the  prcportion  of  oonnuni^  oollage  studanta  ite  90 
on  to  four-year  institutions. 


SXUDBIXS 
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Smral  Stat*  or  svgicm  utuOXm  ii)dicat«  ttat  fmms:  mlmclty  studonta 
oaB|a«te  tta  — KJcialu  dugxm  pccgfrm  than  thair  sajcarlty  oounterpBrts 

Stuteits  «nioll«d  In  two-yMr  cx3ll«go  aclanoa,  nthentlcs,  and 
mngtxmariijg  piotmaw  differ  iim  ttm  gnar&l  tMO-yaar  student  pqpuXatlan* 
Mm  of  tt»  wUnoe  studsits  full-tim  vtatuB  and  xaora  IntarvS  tx>  90  or) 

to  fiout^i^Mr  ijstUtutions.   Ihoy  ham  hig^  aoadroic  a^sixvtiacvi  ttw  tte 
cMonalX  tND-ywr  college  stutent  sx^fxaation*    Ihey  ii%a«feMnL  a  rich  potsntial 
tEAan  x«eoun»  for  tiie  fields  of  sdsnoe,  tBdnOogy,  snl  onginBexing. 

StudHTits  onxDlllng  in  natural  acienoe  are  ncro  likely  l^m  thalr  paers  in 
'*8CianDa-z«latad"  fields  to  be  prapering  for  a  tr^far  to  a  fdur-year 
inatltuticn  of  higher  education.   Fifty-thrro  peroent  of  thoee  taflcbig 
blologioal  and  pineal  soionoes,  ^  52  parcant  of  ttase  in  nathoRatical 
Ecienoee  plan  to  transfer  to  four^yoar  cx>llege9  ox  univBXB^ities* 

Studants  specializing  in  sciime  related  fields  such  as  health,  uanJuUa, 
and  «i9ineering  are  mase  litely  to  be  preparing  for  a  new  Job  or  \43grading 
their  job  alcille*    Only^  t^ranty  ptauatt  in  health  (e*g«,  nuzBlng^  paramedical 
pceparetiGn^  end  so  cn),  30  peroent  in  oorputer  science^  and  24  percent  in 
angiiieering  plan  to  transfer  to  four-year  inartitutiais. 

IVo-year  oollege  ecieooe  and  enyinoaring  pcograss,  oonsietant  with  a 
pattern  in  all  of  higfher  adUoaticn,  hove  difficulty  retaining  atudent 
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IntfiPBRt  mil  participation,    Itits  a  partionlory  acute  prrJblan  amg  minority 
•tudnnts,    Iftat  1b,  pwv'  t>«>-year  collage  stuaents        start  in  sclaw  arri 
anglnaarijig  tau^iaBw  do  not  cxsntinua  past        years.    And,  aroang  tinse  tl«t 
go  CD  to  fdur-v^ar  oolleges.  many  dacida  not  to  earn  tJ^eir  untex^radoate 
OegvoBB  in  sdenoe,  mathanatlcs,  etc  cnginecaring  (Ochen  and  Brawer,  1988; 
Owiff,  1988  —  sea  below), 

o  Ovnarall,  orily  atxxit  20  paroent  of  all  carntirdty  collegia  studfintc  who 
enroll  a  sciance,  mathomatlcs,  or  enginBering  aours©  plan  to  (hitsub  tl* 
baocalaumate  in  ttiesR  fields. 

o   Itjere  is  some  drop  in  Interust  within  the  two-year  OQllego  ejq^erianse. 
Afoong  the  30  peroant  of  1985  oDrarunity  college  frt^^iren  indicating  «n 
intarest  in  scianoe,  engineering,  or  sriencse  rclv-itod  fields  ttrxrluding 
wgineering  technology  and  health  prof cssl ens),  about  86  percent  ratalx^ 
that  interBETt  two  yean;  latrr. 

Ethnic  and  gender  btilance. 

o   AooBSS  to  highei  edix:aticr)  for  minority  studerits  is  a  major  attribute  of 
ocmanity  oolleges.    Minoiities  — Blaci^,  Hiiipanic,  Asian,  arri  Native 
American  students —  oooprise  about  22  neroent  of  all  two-year  con  age 
students  ocjiparBd  to  Oie  15  paroent  minority  ennollinent  in  four-year 
institutions.    Minorities  earn  12  paroent  of  all  baccalaureate  dagiBes; 
hocvf^,  minorities  jieoeive  16  pexoant  of  all  assaociate  (two-year) 
dagraes. 
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o  MlnarltlM  Mte      25%  of  ttM  9Cl«noo  cXassos  (slightly  hl^fmr  tlion  ttiair 
OMacmll  npTMntaticyi  in  tao-^Mr  InstltutlOTB ) ;  th»y  enjoy  a  ali^iy 
Klf^  zvpranntatiai  in  mtthanatice  «nd  «llied  hMlth  oouxm,  but  ar« 
mlmi^uueMiAtil  (vis-A-vls  ttwlr  pn3|XB-tim  of  student  onroXliaait  in  tuo- 
ywr  caolloges)  in  uu^ltti  acioncse  and  eiiQinserlng. 

o   Digineering  is  cmnitalmifigXy  dominatad  by  raaie  stulonts  (911)  in 

ooBuUty  colXagas.    Malaa  are  also  ovwrspsiasaited  in  physical  scieiv», 
ooiuter  acianoe,  wtheroatics,  and  engtnaerlng  tacinologies.    Jtowever,  tsm 
BTB  mdorrBpxBsented  in  the  Xife  «id  social  adanOBG. 

Related  to  Students  in  TVo^^oar  CbU^ee 

Student  problems  in  tuo-v^^  oollege  aclenoe  and  engineeoring  ar«  similar 
to  ttioBB  in  four-^ear  InstltuUans  of  higher  edbcation,    tt«y  lade 
preparaticn  for  oollege  vork  In  scienoe  and  matharoaUcs  prior  tr>  entry,  Tt^y 
indicate  limited  intes^est  in  pursuing  scierce  sid  ei^iraering  f  iel^  of 
study.    And,  they  exhibit  weak  persists cjd  in  tteae  fields  when  ttey  ck) 
enter. 

o  StxsSents  need  challenging,  stiiaUating  oum^^ga  i^ch  piTTvide  prerequisite 
ffljd  DiDtivate  ontinued  ^jd^  stv&f  in  science  and  xBlated  fields  becmise 
they  represent  a  significant  population  in  the  pipeline  of  potential 
aoientiats  and  engineers. 
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o  1T)0  lew  ZemI  of  tNO-year  ocaxege  student  intftrast  In  natural  aolflive 
MWI3  tD  diminlah  sven  furtiier  the  langar  ttioee  stunts  lanaln  In 


o   As  lj>  All  Institutions  of  higher  educatlcn,  ti40~y^  colleges  have  a 

dimcult  tlsuB  recruiting  and  maintaining  minority  stirfwits  in  acioKs  ar^ 
engineering  pnograns. 

Q3(wwity  coIlegBE  need  to  inciTBase  the  quality  of  tl»  learning  experim:i=^ 
for  students  in  Bcianoe,  matJiematics,  and  rniqisvexis^  cx3urses.    ArxS.  it 
should  be  done  in  a  way  that  engages  and  retains  stXKtents.    TT««b  is  a 
particularly  ocn|3elling  c^jportunity  tx?  provide  such  an  acatoiic  prognr,  far 
minority  stixtents. 


Hie  nation's  tvo-year  colleges  fac5D  a  fainudable  nhall^ige  in  tJ»  science, 
matheraaUcE.  and  enginR©rirjg  curriculum  amas.    The  dlwrsity  of  Kti^tent  neerf 
and  interest  require  that  they  provide  ccllege-levEl,  vocaticnal/ technical, 
•md  remedial  coursesr 

T^iBse  colleges  offer  a  wide  variety  of  ooursea  includir^: 

O   the  first  tvo  years  Of  ooiiege  coutsjgs  ^iprapriate  for  f;ti«4wits  who  wish 
to  transfer  to  four-year  institutions? 


ooll«ge. 
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o  A  ^imt  ctam*  ourxlaalua  far  tjNi  Xmcgm  iwtar  of  hl^^  •ohODl  gmkiatn 
ite  siflMd  (or  nM«r  had)  the  c|!|»rturklty  to  tito  tte  aacondsry  octiool 
cjuurwiB  x«|ulx«d  as  prarBquisitas  for  collage  wocft; 

o  a  ssrlfifi  of  nD-a:edit  rerBdial  oouibqs,  fl^jeclally  in  nattiBraatics.* 

o  A  larga  variety  of  technical  courses  x^letBd  tD  nedicAl,  ocnfvter,  and 
tednology  fields;  end 

Q  courses  pTBparatXffy  for  careers  in  )#k3t  Is  called  the  *  allied  healti^ 
profeBSiois**  —  mrslng,  radiology «  and  panrodical  sexvloBB. 

Vixile  two-year  college  ooureo-taklng  In  edenoe  end  engineering  dKlined 
froa  the  mid^l970'8  to  the  mld'198D*s,  tt«3  mster  of  natheBiatice  and  oonijutfir 
science  courses  Incz^eased  in  that  period.    In  197B  nathmatioe  end  ooD|3uter 
acienoe  aoocunted  for  22  peixsent  of  all  aclenoe  xvlated  classBs;  In  19S6  that 
IKOpartion  nsse  to  41  penssnt. 

Ihe  following  national  picture  is  deriN^  fnsro  a  study  of  oourae  offerings 
in  public  and  private  two-year  oolleges  {C^halm,  l9B&a).    *Ztie  tvo^ysar 
colleges  not  offering  science  and  technology  courses  are  nearly  all  private, 

o  The  percentage  of  two-year  colleges  offering  science  and  technology 
GDiiXB^  ranges  frro  66  peroant  for  earth  scienocss  to  92  peroent  for 
inatJwnatics.    Over  80  peroent  of  all  two-y©ar  InsUtuticns  offer  ooiraes 
in  biology,  chemistry,  physics,  and  enginoexing. 
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o  Biology,  ooBixiter  Bdmnoe,  and  matttfRiatics  are  of  Cored  tfy  nearly  all  {9'^^} 
public  tMO--y»flr  oDllegeG.    Tt»  oimnrfieimlng  najority  of  ttwae  irr5tltutitTir> 
off«r  qnginacrlng/angineerlng  tec^molcagy  courses  {9B%),  chORiistry  ^95%). 
|:tiysics  (94% K  mS  allied  health  (921).    Vemr  of  t^cse  oollogeR  offer 
ewrth  and  space  sclmce  (79%)  and  agriciutunvnaniral  iBacsunxo  Ct>l%). 

o   Eighty-nine  peroent  of  public  two-yEBar  col  leges  (SO  I  of  private)  offer 
college  level  calculus  (78%  of  all  t«>-yBar  colleges). 

o   The  fl^m  nuflbPr  of  sciencj©  courses  offered  is  8  ciach  for  dhanistry, 
{tvysics,  and  earth  science;  13  for  hiolggy,  and  17  each  for  mathHCatics 
mid  ccnputer  science. 

Science  and  nvilhematicn  oourse  offerings  in  tvio-year  cul  leges  incliid^ 
thcee  typical  of  the  first  twp  years  of  oollege  l&wl  science,    EXapples  of 
ooXlege  lirvnel  science  and  mnthmatlcs  courses  ai^  lasted  below, 

o   courses  offered  in  biology  include  General  Biology,  fftjnan  Anatomy  and 
PTjyslolo^/,  Human  Genetics,  Zoology,  Botany,  find  Miarobiology. 

o   In  chemistry,  oourses  offered  include  General  Cli^nisTtry,  Quantitative 
Analyses,  Organic  Gha^mistxy,  axS  Chanical  Ttien?  -dynamics. 

o   Physics  offerings  include  General  l^iysics.  Atomic  and  Nuclear  i^Tysica. 
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o  *0m  BMthMiticM  offerings  in  two-^^Mr  otillmgm  include  caujMs  mxii  as: 
CUXage  AXgabn,  StstlsUcs,  PxtababiUty,  Finite  MBttnamUcs,  CU^oulus 
Xlt  «nd  IZZr        Linear  Algebra. 

Araas  of  Waed  Related  to  OuxTl|^ijn 

Given  the  tMO-^yBor  oollege  student  population  and  the  need  to  incxBase 
atudfint  intoaDBSt  in  sclenoe  and  GnglnoBring  aikjcatlonf  tlie  nest  pnosslngi 
problan  in  ttie  curricular  am  is  to  de%n&lop  en  appccpdate  taalanoe  of 
effactlw  Gourae  offerings.    IT^ese  oourse  offerings  should  include — 

o  a  aet  of  oollege  level  ecienoe,  nattnatics  and  engineering  ooursee  that 
articiilate  (facsllitate  ttie  txgmfer  of  cx^dlts)  vtell  with  the  advanoed 
courses  offered  at  the  natiari's  four-year  colleges. 

o   «scienoe,  mathematics,  and  engineering  prtyxw?  that  will  atLia^'t  and 
XBtaiLn  studonts,  particularly  minorities  arxS  wcraen. 

o   ratiedML^i  -r^:-    3,  e^»cially  in  indthematics,  that  address  daficlencles  mi 
bring  ti^    .       r  s  to  the  point  needed  to  earn  oollege-level  credit  in 
scienoa  and  %  jitheroatics^ 

o  ooui'ges  of  study  which  will  allow  students  to  gain  fundamental  scientific 
and  technical  literacy,  i^ther  they  beootae  employed  in  science  and 
engineering  or  not. 
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Altlvugh  tMD-yoar  aolloge  faculty  have  available  and  use  a  variety  of 
institxTticnal  tec^mDlogios  such  as  tslevislon^  txansparenclOG*  and  sodBls^ 
IwUuciore  still  rely  cn  the  chalk  toazxS  as  their  prlaary  teaching 
Instiuient  (Odhen  and  Bras«r,  19B8).    To  pspperly  teach  edenoa  and 
aiQliiaering  courses,  laboratory  facilities  and  nodent  eqfuipraant  axe 
easvitial* 

Efforts  to  in^Mj^m  l^xsratory  instructlcn  raise  two  inportant  oonoexra: 
Che  quality  of  faculties  and  equi^mnt  and  the  effectivaness  of 
Instructional  methods  and  pityiaw  using  such  equl{s»nt.  '">r<t*^ 
escpondituxBS  in  facilities  and  equiinstt  are  lacgely  titie  reepon&ibility  of 
state  and  local  taxing  Jurisdictions.    Reoently,  ouu|Juraiive  ventuzes  with 
business  and  indi^try  have  been  laiziched  with  oomunity  and  technical  tNO- 
year  institxitions  to  gain  aooess  to  modem  aq[uipnent  for  Instruction. 
of  these  cocperative  ventures  are  in  the  areas  of  engineering  technology. 

Jtast  as  li^portant^  is  the  need  to  develop  instructional  piugiaia  using 
tD-i3ate  equipment  and  facilities.    It  is  of  little  iise  to  acquire  rw 
equipraent  without  creative  ml  Innovative  ways  to  en^ge  student  intezest  in 
the  leaznlng  process.   Frpperly  developed^  l^xaratory  Instruction  can  be  the 
basis  of  student  notivaticn  to  oontinue  their  science  studies.  Poorly 
developed  laboratory  insUuclion  cw  have  Just  the  opposite  effect* 

o   In  recent  interviews  with  20  two^-year  colleges^  over  one  in  four  of  the 
zBsponding  instituticvis  believe  that  their  lobcsrjtOKy  facilities  and 
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an^inMrlnB  tactmoay  facilities  metb  Judt^ed  <9tf idflnt  by  ombt  •  third  of 
tii»  niimSiiig  tMO-Ywr  cJHiuMQ  (Cttiftlon  X988b). 


litacatailas,  ow  half  of  the  zBacxnding  iistltuticanfi  find  this  to  be  a 
sarlouB  iKtiblan;  ever  60  peroaiit  of  the  Institutions  faeliave  that  this  la 
a  saricus  |gctolii  In  viginBsring* 

o  Qna  in  four  of  the  xw|xniing  InstltutionB  indicate  that  adaquata  cxaqputar 
aclXities  axB  a  serixm  problem  in  aatlittiiatlcs  imUuuliqi, 

Araae  of  Naed  Ralatad  to  LabuBcatDiy  Inetroction 

fha  issues  zBlated  to  Xatxaretory  aquisoent  and  f acUitlaa  nach  beyond 
Binixle  availability.   IVo-year  collages  mist  adaquately  daualcap  the 
ii HI ti actional  laUualury  ocKfJonenrt  of  scianoa,  anglneering^  and  nethooatloa 
psogxwQS*   Ttm  groatest  pcobtaaa  in  this  axBa  are  ooman  to  all  of  highsr 
ecSucaticn^  the  need  to  rawate  facilities  or  purch^a  Istge  scale  equipment. 

Ho  single  eouroa  is  able  to  ifxSate  and  i-eirvaie  all  the  equiiiomt  and 
facUltieB  in  tM>-y«ar  ooiiagas.    Soae  of  these  institutions  have  developed 
parbiarfih^  with  fausineee  and  Indbstxy.    Others  have  entered  into  ocneoitia 
idth  other  institutions  of  higher  eciacation.   And,  state  and  local  nvemes 
hawa  been  used  to  develop  the  equipnont  and  facilities  of  theee  institutions, 
as  part  of  state  or  local  eoonomic  develc|inant  pcogmm. 


o 


Itien  it 


to  funds  for  the  purchase  of  suSam  egiilpnBOt  for  sdenoe 


15 


ERIC 


741 


A  Major  jTObXten,  often  neglacted.  Is  t*»  dsveloiinant  of  the  laboratary 
Ixistxucticnal  ptogian.    Same  axMs  of  adenoe^  matlmatics,  and  onglnM^rlng 
hovo  Ifi^artttAit  but  scxlBst  w^ilpwjnt  neads;  hoMver,  they  lack  tt)e 
dw^uprantal  resources  to  assure  high  quality  ir&triKrtlonal  that 
naike  use  of  the  available  equipment  lacliltleQ. 


"Itie  National  Science  Fbundaticn  should  take  bold  ^teps  to  etJt^iish 
Itself  In  a  poBiticn  of  leadersliip  to  advance  aiV  maintain  the  quality  of 
SK&Jcation  In  engineering,  mnthsqatics,  mvX  tte  srienoes."  (niaticnal 
Science  Board,  1^) 

With  these  wox^,  the  xtppoort  of  the  Na^J^cnal  Sci^xse  Board  Task  Cdnmittee 
on  IMargraitote  Science  and  E^-  education,  <tte  "Meal  Report")  made 

it  clear  t^t  the  Fdundation  *  l&^^lBrship  lole  in  all  phases  and 

leiwls  of  undergraduate  education*    Ttw  Meal  rej^xjrt  calls  tor  particular 
eai^iasiB  on  undarreiirBsented  grot^,  such  as  mlnorltias.  iionen,  and  the 
physically  dlsablud.    And,  the  NSB  ii^poil  called  specific  attention  to 
ocnoems  of  tMO-year  Institut^tons: 

two-yBar  ool leges  ai^  part  of  higher  education,    TTieir  transfer 
piogvaufti  provide  large  nurtoers  of  Mpper  division  stxjdents  to  four-year 
Instil tutions.    Articulation  of  this  transfer  point  is  difficult  and 
requii^  serious  and  perruanent  collaborative  efforts  beti^reen  ttie  source 
and  aooeptor  colleges.''    (NSS,  1986  p.  34). 


nc  noLE  or  the  motcmil  scmcc  RUB»noN 
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NstiansX  Sdsn  ftAivSntlan  Is  In  «  %vili|u»  pmttim  to  dm  togMwr 
mdm^iHc,  «0inBKi2ig^  and  eAxsaticn  caamuniti«e  to  holp  i»U«m|Um»  two- 
^BBT  mll^gw  mdmsB,  mtimatics,  and  anginMrtng  vdUcatiai.   Ifio  Ftaundatlcn 
is  aim  in  •  paalticii,  thxcugh  its  {oogr^,  to  stiaulato  ImovBtive 
initiativBfi  and  ooUaboratlon  maang  tMO-year  and  four-year  InatitutiGns. 

The  Ntel  nc^ioil  cxztliJies  five  **GuiTBnt  anas  of  highest  prlcrlty"  for  the 
ftoindatlGn  vis^^vis  all  of  undaxgradiata  eckjcation.   Ani,  they  mjLmtwtl  a 
aincific  tMO^^fear  ocAlege  strategy  >#ilch  antaila  gplXaboi-atian  anong  tup  and 
fcxir-3|wr  inartituticns.    Such  ooHahaxaticns  vould  asauni  hlg^  quality 
lltfo^m  and  imirtuiv  effdrta  to  incra^s  tha  nutara  of  tMO-yaar  oplXege 
atudenta  *4x>  Uwwfm  to  and  ooDfiaeta  four-year  cx^Uags  adenoa  anS 
anginaaring  pxograna*   Tha  ganaral  aUatayiae  include: 

o      laborafagy  de^raaopnent  and  inatn»ntatian 

o      faculty  jiiufamrficTial  davalciinant 

o      ooursei  and  eurrirsilun  i^isB^mJuiil 

D      ooBixrahanslvw  iis^cttovment  lyrujacla  (vihich  include  sovoral  of  thaae 

priori tlas  and/or  oonsortia  «f forts  amsng  institutions) 
o      taidBtrgra^iiate  iwearch  participation 

In  psBparaticn  for  ttiis  raport,  the  Ftxffidation  staff  oonsulted  with  otJier 
federal  agendee  i4iich  play  a  xole  in  the  aftjcational  iuprcMmnt  of  tHo^yaar 
oollegas  md  their  stulents*    Rsr  wcaai^le,  the  Depaitsqent  of  BdUcaticn^s 
principal  >ole  ia  in  the  area  of  student  assistanoe  and  in  aAilt  and 
uooaticnal  edjcation  areas*    The  Dfe^jeituwTt  of  Latxxr  is  playing  an  active 
role  in  fmiing  state  and  local  prosprauB  for  job  training,  tiie  xBtxaining  of 
di^laoad  adult  workaxB,  and  basic  adult  literacy  prognna. 
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Ttm  ftuidrticn  ploys  «  norm  taxg^tart  voX«.   ni:st,  the  ItenlBtlm  pcovd^es 
aflfldKihip  arwurlngr  that  the  cjuaaity  of  any  finled  pao^aro  Is  aonfiistont  with 
aomd  adertific  and  engineexlng  princlplas.    mis  applies  equally  to  zer^ 
tio-yaar  oollege  And,  the  RMndat^sn  pcovidas  dav^cfjioital  suppost: 

—  oonfilstont  vrith  tha  YiSF  IMergpraduate  Sdenoe,  Qigineerliig,  nd 
IMhaffifttlGs  EAratiai  (USSC)  pn?gprama  and  policies      tausod  on  faculty, 
curricultn,  and  X^xaatoilee,  azneas  t«ith  the  greatest  potential  for  ciiange  in 
tho-year  college  instzucticn. 

nor  uBvnnzF 

This  analysis,  the  current  piograHa  and  sizvtegic  five-year  plan  of  Y6F 
VSQ^,  mid  the  IGB  import  en  undargradiata  educaticn  tnto  it  dear  that  the 
most  itvnj|u>l»te  pzogranmatlc  ef  ftsrte  ^culd  be  in  tiia  areee  of  faesulty 
enhanoanent^  oouree  and  currirulun  li^pronraent,  Ir  yratxxy  imtimrtlcn,  and 
cxamrtia  nang  ttto  vd  four  yeer  oDllegaa.    IWo-^f^ar  colleges  are  eligible 
for  all  of  the  existing  pipgraras  (faculty^  I^bDZBtory^  and  cixrricular).  And, 
the  N5F  Scimoe  and  Qigineeiring  Frtiratlm  Strategic  Plan  calls  frr  U5^  to 
initiate  a  progm  iiihich  develops  oanaortia  among  two  and  four-year 
inatltutionB  of  higher  adjcaticn.    arief  descriptions  follow: 

Faculty  Er^ianoeCTent.     Faculty  dewalopnent  efforts  are  directed  both  at  the 
proffissicnal  growth  of  faculty      their  ecisnoe  and  engineering  teaching 
dieciplines  and  the  professional  deveioprent  of  faculty  ao  they  are  ^e  to 
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i^prov*  oguTMB  and  aUatjUn  pctsgm.  nklng  tt»  nax»  attractivB  and 

Cbur—  <nd  Qgrioula  laptcwwit,       CburMs  matt  not  only  xtflect  tte 
WMiti^     ORtant  of  t»ie  dlM^pUne,  ttwy  ntigit  §lm>  te  ^igaging  and  czvativB, 
pmi^    ,  oppaortunitlM  for  mctlvm  l««xning  in  latxantarUs  and  otfwsc  aspacts 
of  liiBUuuUai*   CbuTBD  and  curzicula  davslcimnt  Initiatives  atadiMS  tha 
tamition  batNoen  seocndaiy  and  poataaocndsiY  adicatlon  and  tha  ortlculatim 
ISor  studttnts  **X3  tmiafar  &m  tMo-iyrar  t»  fdux^-^Mr  oollAgaSp 

Inatructlonal  Lctoiatxjiy  Igtypwroent.    Si^fsort  ficr  iii|ffDvlng  the  latoratoocy 
ooa|)onent  of  acionce  and  anglneerijig  ^Aiugiam  IncXudos  ifigrading 
iivUucUanal  a^iip  ant.    JUst  as  lapactant,  is  tte  need  to  diavelop  ongaging 
Iwming  eo^s^enoes  that  exploit  the  labaaioiy  cpportuiity. 

togpitla  mms  IVp  and  Ftour-^ffar  j3DllegBS  and  UnivBiBltigg,    Many  of  ti» 

prioritias  outlined  in  this  xaport  xiquira  a  ooqpErehensive,  simataneous 

appcoach  of  faculty,  institution,  ourrlculus,  and  X^xaratocy  icpawauait, 

Pxograms  should  be  oonsistent  %Ath  the  oourses  of  study  in  fbur^-vwr 

institutiais.    Further,  suooassfuX  pmyiaw  will  begin  with  the  rBcxuitnont, 

mrturlng,  and  8^9pa^t  for  seocndaiy  students. 

>CF  "  IBBC  Five-Year  Plan  for  Institutional  DevelopTiBnt^  Q^llahoraticns 

ana  to  te  part  of  a  specific  1JS9C  progran  initiati%«  in  tha  ama  of 

Instituticsial  development;  r 

The  plans  to  initiate  a  pro^-^  of  institutional  challenge  i 

grants  to  oolleges,  universitlas,  and  consortia  to  sigipart  oorrelatad 

and  integrated  sets  of  projects  designed  to  ln^irovB  undergracLiate  ^^'^^ 
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Imtxvctlcnal  luiLyiam  (with  m^hasla  cn  oost-sharijig,  nl  m 


A  H^jor  flitipcogpna^  Mill  pcwiOm  imntimi  icr  temii^  oawrtia  aacii 
iiMAving  «  i«ad  uilvBisity  (cr  4-ipBr  oollfigo)  nS  •  2-^^: 
cx3lli^  to  loric  m  artlculatto  tetM«n  those  typos  of  Imtitutitra 
snd  to  dwsl^  ooonllnatad  ptDjscta  for  ln^accving  Umst  dlvisian 
liaiUimlim  1a  ttsttaaatics,  tii»  admass,  anl  rre-si^Tlraaring 
tsctnoXcgy.    (His  I6F  SeionDs  snd  ITrriliissi  fiin  Bdbostlan  Gtxstsoic 
nsn  m»-m992,  DsoMw  1987.  p.  20) 

His  syisrgistlc  offset  of  pollabcrsti^w  pmyiamj  is  possible  unter  the 
Oirmt  progrsRS  of  the  Ruvtetim.   lViD-y«8r  oolXeges  are  eUgibXe  to 
wbait  iSTsposals  in  USEME  and  all  ifiF  ptograwe  and  ooXl^joTBtlw  effcjrts 
are  enoaumged  in  wxtergraAiate  pioyiem  ansuronnts* 

As  the  stTstsgic  plan  of  the  Fbuilntiaa  suggests^  within 
oontsact  of  Its  existing  panogms,  mar/  support  two  and  i^sur-yoBr 
OQiXege/university  ooliitoraticre  fr*r  faculty  ert^Kcroit,  gois» 
curricula  develpjMnt,  mtX  lirproved  articulaticvi  between  two  anJ  fbur-voar 
milages  -  and  betwen  seocrdary  schools  and  two-year  ifwUtutiois.  mese 
wuld  be  funded  on  a  merit,  oonfstitive  basis  to  ooraortia  ocroistij^  of  a 
centiBl  imiVBT^iitv  or  foir-yaar  college  together  with  a  mtworH  of  arBa 
two-voar  oollogas, 

to  a  oonsequenoe,  the  RaundaUm  seeks  to  realize  two  major  outooroee  of 
t»  and  toir-year  college  oollaborations*    Firet  they  would  play  a  major 
role  in  the  empondad  oontrlbution  of  two-year  oolleges  in  roaetir^  tJ« 
nstiaial  Ivnan  qfijiital  needs  dsmanded  by  an  eocnmy  iirreff?ingly  cfcininated 
ty  science  and  technology*     And,  they  would  also  ei^agt  in  activities 
designed  tu  significantly  increase  particdpatian  and  parslstaiw  in 
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■dam  «d  mglmviiig  tfm  Ims^  nwtar  of  Minority  vtudtants  ite  start 
ttmir  oDllSfip  mfkMaitian  In  twp-y«A^  InsUtutias. 

tetivitiM  inula  fbcsus  on  dwly  laid  pin  to  BtiMiyUmi  artf  i|xM»  tho 
tMO-^MT  ocaiflge  faculty  and  tl»ir  oowsbs.   ^phasis  will  te  m  pwiUilng 
tM-jfwr  cxillaga  giaAiatfiB  with  hlgUi  quality  ppapaiatlon  In  ttsir  Ionw- 
alvlat^  n  Kianaa  and  utiMroBtics  couews,  ito  c»  oaitlxw  at  1i»  tn»r 
division  InBtltutiana  sucnasfiilly  and  with  BiniAn  difficulty. 

ftailty  daveloront.   Tvo  and  fcxir^^yMr  oonoortiii  a»  in  a  posltlm  to 
•Btahliah  a  varlaty  erf  faoilty  gnhancwaunt  pnpgrar^,  aixh  u  faulty  nstNorte 
tJD  flhara  acianUf  ic  m  anginerlng  kncswladge,  joint  sctolsi^i^  anS 
■a^lcration,  aamr  inertitutafi  mi  yMr-iong  fcsnm       faculty  in  tMx 
taaching  diacipllnaB,  and  eoqwiancaas  with  laUaatmiy  paai^m  fa^  studntts. 

tomaft  iaprovamant.    Oncrtia  can  oetee  surv  that  twD-ywar  collage  faculty 
hmm  on  intestanding  of  the  oounae  dsaands  of  fgux>^Mr  iratltuticm  ml 
will  ba  in  a  stiong  poaitlon  to  davBlcp  cxuxse  m)  curricula  in  scimse  a«5 
anginaaring  ttv-c  will  mflect  tha  latest  thljikij^  in  intargnduats  aciantif ic 
and  anginaaring  oontait  developnent  (with  dlxBct  Uae  to  sdoioa  aociati^^, 
tho  Rxaidatian,  and  th»  teactadfls). 

Student  gpttvatiin.  particularly  for  minorltiaB*   Cbnaortla  afforts  can 
aMiat  tao-yaar  ooUagas  to  dewScp  ag^sssiva  cutxaach  pLogiw  to  oaika  sun 
that  minority  atudants  ite  start  ylv^p.m  in  adanoe  «id  ai^lnaariT^  db  mt 
les\«  becauaa  of  naglact  or  dlaintanBet.    doaaly  cafOed  with  piugian  mi 
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cciBM  aMUqpMit  wlSactM,  tiMM  GDUflbonUans  i^i  b»  In  •  initial  to 
txttiq  m  idA  iFVcMy  of  Hmmx  and  nntBilAl  kmoutow  oUwwIm  not  avBUablfi 
to  ^«o-yMr  aQll«g»  facul^  mS  ateLnistzvtxn. 

SMOOiaBftil  atulant  transfar  froa  two  to  four^-^MT  opllggBQ  -  »xl  -  tho 
txwttiqi  tartinan  aaocndary  echooi  tnd  collage,   Cbrotia  cam  telp 
Mccndaxy  Ktooio,  tao-ywr  oollagas,  and  four^^yaar  Imtltxitim  of  hi^ier 
«^icatlGn  aavalqp  pcogtimm  iihich  aast  tte  artioulatlfln  if  1   for  «ti^ttTta<, 
particularly  mlnosriUaB,  with  intarast  in  ociarwa.  avttantics,  ni 
•nginaaring*   Rsr  tte  ^2*2^2^  progpm  dtomlcpad  in  aa»  statas 

nurture,  guida,  and  prwids  angaging  learning  vqpariamas  in       lost  tNO 
aeoondary  school  vwb,  the  tuo-yaar  oollaga  awpairianuBB,  and  ti»  tnrttiticn 
to  and  mooassfui  oc^atim  of  the  four-yw  aciance  oc  ai^lmarli^  progrva* 

fCF  and  TVo-ytear  Cbllqgee  ■  A  CUmant  Dialogue,  In  acUiticn  to  ttee 
pnagranijwtic  oniortijnities,  the  Buxiatian^s  DixectoratB  far  Scieroe  mS 
Ehgineering  B3bDation  (SS)  has  astamished  a  dialogue  with  tuo^^wr  collage 
prasidents,  faculty,  and  national  associations.   A  rak^iap,  sporeKtfvd  by 
SfZHS&C,  was  held  in  i*ashlng*  jn,  D.C,  on  Cfctober  31-l*5s«4»r  1,  1«W. 
Moarly  t>cMtaan  Mazfc^icp  participents,  rcpiuBBnting  a  geogi-^iic  and 
instituUfinal  diveraity  in  two-yaar  csaiegee,  iharad  issues  mi  ptdblm 
related  to  tM^-yaar  oollega  ocianoe,  rasthamatioe,  and  engineering  pnsgrwiB* 
Ihe  RmSaticn's  current  activitiea  and  role  mbts  diaottsed?  futura 
ectivitiaB  and  xoiea  weze  aoiplcxed.   Ihe  wodiatup  is  y^giyt^  to  jiaeaiil  a 
«Mary  report  to  the  nwidatian  and  tNO-year  collage  oswiity  ae  arm 
outooae  of  the  aaetlng. 


22 


748 


OEdlags  faoull^r        ttadr  moXmnom  and  ffic^iwttriiio  ocAImi^m  In  fauBinsBs, 

of  PlaAott  VlxginU  Ckmsiity  Cbii«gi,  nXls  t«nn  oosmnitv  ocAlagw  tD 
KUv«ly  smwS  a  i«ldt  «ny  caf  actoUrly  puraults.   Ntt  armies  tttst  svwanii 
Is  KVt  tt«   *jmicn  or  goal  of  aanuiity  oolXogaa;  hoMW,  bcoaHy^aaf  Inad 
fldManhlp  dMsrly  ut  te  IzicIudHS  In  t^a  twj  yaar  aaUaga  iiofaaaJuiLil 
portfolio.     Such  ocfolanhlp  In  tto  ftan  of  witiiig  rwiam  of  Utaeratura 
apadflc  to  aeiantific  or  anglmaringr  rtiarlplinaa,  Imctmm  and  foruaa, 
zwiaNB  of  luuaaicri^  and  o^inr  focaa  of  iniuixy  and  «qnaaian  xsquizm  a 
aoUd  fbundaUon  in  tha  taaaching  diadpiina  (Vauf^  1988)* 

Ite  point  Is  li^poctant  for  tt»  RMdatiWa  afforta  to  IsfstM  laamlng 
opixstunltiaB  anl  aa^arianoss  fdor  atudants.   Fsograms  fcr  faculty,  oourse 
ftevalcpBsnt^  and  laboratocy  ifflpcoment  in  tMO^vwr  oollagaa  i«Ul  only  te 
sustained  «hen  faculty  raontars  ars  actively  engaq&A  in  all  phaaas  of 
iB^sovflnait.   M,  faculty  ahould  hsva  aooess  to  tt»  scat  Unely  and 
114m  taut  knoNledge  In  ardar  to  sate  ttie  appcqprlatB  ctoioea  In  pnsgrora 
daaign,  dBvelcfxaent,  and  inipilaaentation. 

omoisifiM 

tm-y^^  aalXmgm  a»  davotad  to  inatructicnal  actlvitiaa.  Itey  of fsr  ths 
test  c^msa  for  continuing  focmi  sAxsation  fcx*  ttasa  vho  ara  ill-praparad  or 
ite  cant  affOKd  to  attend  four^-yaer  oollagea.   A  wix|ua  attriUita  la  that 
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ttoy  l^wldi  mvowm  to  ttaw  vtudrnts        «t  t!«  mm  timm,  oitm  oa&w 
itfilA  wUl  «Mi>l»  vtudBitft  to  pmutt  liUrtfvr  <Aio«tim  «1  canan  In 

If  tm^'yms  cplltgt  vtxidsita  an  to  IsprcM  ttiadr  ctmaw  far  ftstm« 
iMsnli^       mMX—  in  m  im  ntwutngly  tacimlagiaa  •ocrav*  ttay  Mt 
pmwdMtt  in  thalr  sdenoa,  ntlmticB,  anO/or  «ngiin««rlii9  vtuOiM.  Lai^ 
lutars  ot  ttiM*  studvits  (ki  not.   Tmycmm  U%  Bdrnm^  ■athawtlcs,  and 
ai^ljiaarliiO  n»t  be  dBvaXcspod  that  mm  wen  attncUw  and  angaging  for  two- 
ywr  coilaga  atudents. 

this  xvport  provides  a  currant  tnlaistandliig  of  tt«  atatua  of  acdanoa, 
Mttanatioa,  and  anginaarlng  aAicatlfin  in  tMo-^Mr  oollagaa,   llietii  tmm  baan 
four  larinaxy  aims  of  focus:  faculty,  atudanta,  ocuraaB/oxETlaulus,  and 
aqu^pmt/  facilities.    In  each  oaaa  an  omrvlaw  tias  toaan  foUoi^  ty  a  teiaf 
aumiaxy  of  the  inost  pressing  problems  or  eroas  of  defidancy. 

Tfm  mast  appropriate  xoXe  for  the  awndaticn  lies  «d.thln  its  leadership 
ml  pragrsnoatic  capacitias.    Zt  is  designed  to  pcDvide  maxijiiin  leverage  oi 
nsciauBs  to  iifpro^m  the  adUoaticn  of  ooBaunity  oollege  students  in  gmral 
anS  fsx  ttiosa  Who  go  cn  to  fioux^-yBsr  institutlcna  in  particular* 
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and  E^lneerln?  Mpetlon  In  tlia  tnitad  Statas:  Strategic  nm  for  Fyi988 
-  m992  (N5F,  WatfUngiton,  DC,  Daoontar  7,  1TO7). 
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EAcatiortal  Raoard.  Spring  19^. 


ERIC 


751 


NATiONAC  NCI*,  f  OUNDATlON 


yvASMiNc.roN  D  c 


nsr 


Tho  Honujable  Doug  Italgxw 

Sutcasmittee  an  Scienoe.  R&  x^i 

and  Itctviology 
CUnslttee  cn  Sclenoe,  SipooB  and  lYxirvslogy 
U.S.  House  of  ReprosQutatlvos 
Washington,  D*C*  20515 

Dear  Chaiman: 

Bnclooed  is  the  Ftmndatlcn  n:>pDrt  cn  science  and 

rBcmitnont  and  retention       salary  and  otheor  f actons  affecting  tte  quality  of 
the  toac^iing  waittf aroe, "   Itie  repcrt  Is  in  respmae  to  H.R.  2330  iBquostlng  the 
Director  of  ma  Fbundaticn  "to  subadt  to  the  Hsuse  CtRrnittoe  cn  Sciorce,  Space, 
and  TBCtnDlogy  and  tte  Senate  Ox^ttee  on  Labor  and  Himn  Rosourms,  a  report 
on  the  ijEpact  of  salary  levels  on  the  recxuitmont  and  retention  of  adenoe  and 
laatheaatioB  teachers  at  pce-ooiXege  levels.** 

The  report  prcvldee  a  dtecxipticn  of  the  critical  factors  affecting  the 
xecruitmont  and  z^trnticn  of  aclcnoe  and  stathOBetics  teac^WB  —  sal^ee, 
{ax^fesaional  oondlticns  of  schools  and  t^ching  CBrhers,  aoci%)eticx)al  status  of 
toachora^  and  psofeeaional  itevelppaent  onxnrtuiities,    The  tBport  also 
deacxlbas  policy  altecnoUves  and  activities  pi-opotied  or  in  plaop  at  the  state 
and  local  levels.  Including  —  as  requested  in  the  legislation      brief  case 
studies  of  Bcverai  school  sy^tme  \ning  salariee  m  incentives  far  xtscruitnent 
and  rvtoition.    BDlicy  ainaas  include  financial  A&alstanOB  for  prospective 
teachexB,  altairative  certification  pnogmns,  salary  and  ottar  f inm:ial 
incentive  far  xBtention,  and  rwruittaent  and  xetention  strategies  focused  on 
pxofessixsnal  conditions  of  schools  and  teaching* 

the  report  includes  policy  options  and  pnograimtic  incentives  at  the  state  arxi 
local  levels  with  a  particular  focus  on  mban  scienoe  and  nattasatics 
education.    Finallv,  the  report  ooncludee  with  a  doecrlption  of  pmcfranb  and 
activities  Oiich  the  Aainiation  is  doing  cs*  plans  to  db  with  x^gprd  to 
inprovments  in  teaching,  the  oonditicns  of  teaching,  and  the  careers  of 
teachers  to  inczeose  the  necniitmnt  and  retention  of  high  quality  scieiKS  ar^ 
nthoaaticB  teachers. 

I  look  forward  to  discussing  these  iiiportant  issues  with  you  mA  iDoraberB  of  tlY? 
CdBsnittee. 


Sincerely, 


Eric^A^lo 
Director 


Qiclosures 


oc;    Ihs  i^msrablB  Sherwood  Boehlert 
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spsGMcas  AND  HaaHPwa'iCB 


SAlaiy  «d  otter  Vtetcni  Itf fectixig  Hm  Qiality  of  tte  7!^x±daQ  %iaMoim 


Jfiiaiary  X989 


Ari^xart  to  the  Hcxjse  tomiittee  on  Science,  Spacx},  arg^  itxhrology  and  tJ» 
Senate  Oaamlttiae  en  Labor  and  )^xnan  Rasouxx^  in  r^ponsm  to  HR2330  ( lOOth 
Gbngrass) 
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«S  MdraiJcgQr  and  iha 

toMoaao  (100th 

*»..«utmt  a  x«ccrt  on  Ite  i^ptct  of  mtlmcf  ImfmUm  an  Ite  xwcmltMRt  mS 
xvtntion  of  KinoK  ml  wmi— itioi  too ilwi  «t  j^^ocOKga  7h» 
xi^iact  liwU  gattior  md  mlyn  data  fin  acaeoM  tta  onntxy  nl  MmII 
Ineludo  OM  ^jtutflM  of  aeiiacA  lyt—  in  «hidh  oalffriM  Iim  Imo 

to  ■ttLK:t  md  xvtBin  mdmBm  and  maXtmoMcm  laactaiB."  (p.7} 


ftiis  j,v|uil>  is  |BiBiMt><twS  on  fbur 


m  ■wntlil  ind  ovKtxvl  to  th»  pcovi^Un  of  quttUty  K-I2 
•Ajoatlon  in  uuUwstlGB  and  ■drnMi* 
o  Ricauitifig  and  xortalnlng  high  Quality  toachara  «tio  hoM  the  rgquifllte 
ociaRtiflc  and  ■nthtattoe  JmatlmOgB       the  MxUlty  tp  gxoBDte  octiw 
otudHit  iMmlng  in  thaw  fieidi  Sm  fl?*tha  hi^Mt  i^pprtanoa  giw  tha 
oonUiwlng  ohOLtage  of  ■aUiawtioa  and  ocionoa  toochari  and  the  post 
difficulty  in  ottxacting  ouch  inUvic&iala  to  the  tMChing  pcofooalon^ 
o  Pigiijwiing  and  caimar^^th  aaleriae  oct  m  ftirti— i  ifal  end  important 

iiyi  wllent  in  ecienoe  and  nthaBotioB  teecher  ncxuitBeit  and  xvtvit-lcn.  M 
the  Onnogie  Bm&  xepoart  ontitlod  A  wetion  Rcepoieds  ywetiiUB  for  the  21gt 
Oantmr  auggests;  to  eitiact  cav»tB"i  paqpia  »hD  em  obowe  ewoflnageln 
otility.  ***  •  •  distxicte  Mill  he9«  to  pqr  eelovlee  et  leoet  oquel  to  thoee 
off osed  in  the  sld-range  of  the  Mge  ecele  for  oooivatione  zequizlng 
oonyar^e  edjcetlon^  xw^y  eQulvelent  to  itot  aooowiaitg  axe  paid 

o  Salaries  axe  ijsfxx-tant,  hoeever  they  ate  not  aufficient.  Ooaveticnl 
etatiis«  csppoEtwities  foor  prDfesslanal  develcpeont,  end  the  |H  ofefiilcnal 
oaxUtins  of  BchcDls  and  caraeis  axe  eiao  iufULlont  for  zeczuitlng  and 
xetoining  effective  teochass* 

In  sm,  teaching  caceers  oust  offer  pppcdrtwitiea  for  edk^anoacaBit  -*^30th 
financial  and  {Btafeesimal^  «d  achoolB  euat  ba  infaBelcnBlly  ongaging  plecse 
to  wck  if  iuyetmit  edonoa  and  JMetheMatioa  teachers  ere  to  be  svcnilted  and 
zvtalnd. 

^DeKhar  blslea        inhl^B       A  striking  factor  vls*a*-vis  the  effects  of 
eelariea  on  teacher  zecruitOBnt  and  xetantiGn  is  the  xeOative  ealary 
o|]poBtinitieB  in  othar  mr^lx^oBrA  amee.   Ihe  "cppcstmlty  ooets"  of  going 
into  teaching  oro  eignlfioant  for  ecadwrtcaUy  oMooaeafiil  etudante.  Par 
jfOfaioal  adonoe  and  nathonaticB  ea^jors,  in  particular,  thoee  ixnte  are  note 


nie  aoxent  stnictuna  of  teachers*  salaries  naiies  recmltaant  of  teaidhsra  in 
hi^  doaand  discdplinos,  such  as  thoae  in  seUBiuaUcs  end  scienoe,  pmistanUy 
difficult*   Ihat  ie,  potmtiAl  leeLheis  mth  the  onst  finandaUy  leiauding 
OBiear  altaxnativas  axe  f  aoad  Mith  a  ealoxy  stnxrtuie  in  iMi^  teacteB  of 
dif f^Kent  subjects  are  paid  via  the  eaae  eelsry  achoc&ile  and  neat  teoLimw 
XMch  ti»  top  of  ti»  ealary  acale  in  10  to  12  yaare.    In  addition  to  thoeo 
ooneteainte,  begiming  ttactitr  salarias  are  not  co^petitlw  awi  ii^th  tha 
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aidp^  yangp  of  other  paufaealons  naqudzing  •  alnlXar  aducstian  amS 

ijuvtiAtnanrib* 


WmUy^  £lmnalal  zmmtdB  in  taachlxig  m  tied  to  liangndty  and  inczmaed 

tt»  TOtwlSF^ficant  financial  zmosds.  for  Itese  Who  st^ 

os-aotool  atafC  poaltiona* 


fl5^fL*5f  ^.S!"  ^  ^'"^  taachor  aala^  have 

MenucsMwd  and  atatas  and  localitiaa  havB  incxwsad  baglming  or  Biniam 
2S*Sjfl^  l«l-^and  1985-»  awage  taactar  saXarles  Kent  ^xm 

«Z1,600  to  $^100.    m  19B7,  tWrty  stataa  had  minimmi  aalacy  floora  ttvS  19 
liad  a  atatoiida  aalacy  acte^. 


A  ter  Mlalau,  and  aoma  local  lUstrlcta,  have  Inltlatad  pectawica  or  "terlt" 
mt  Pl«a>    ft^  muOt  prognna  to  auxsaed^  the  pacfmiiMiitaa  criteria  m 
a^ary  inczvants  m  based  mmt  ba  astabUalsd,  hut  tms  Is  difficult  far 
taBchlx)g.   OaiaaquenUy,  taachais  often  view  tta  avaluatkn  pcooaclns  as 
invaUa* 

hawa  alao  baon  triad,   Unlito  merit  pay,  cacmr  lacifer^  bib 
Ofi^gned  to  reward  teacherB  not  auy  ftar  outst»widlng  taoctiiz^,  hut  also  &r 
Wing  on  aom  Jotj  rBsponsibUltlas  and  partlcipatli^  In  profcGBicnal 
wi^opOBit.   JOm,  oacser  ladte^  are  designed  to  anoourage  taacher  x^taitlcn 


hy  increauing  bottttieraiBtaiy  and  noniaonBtary  aMonb  of  a  teoc^Ui^  career, 
^oh  P^ane  have  bean  o^osed  1^  nswous  xeomt  xoports  (e.g.,  ftoOms  rMort, 
liPao;  Camegle  Ftsw,  1986). 

In  zaoent  yaars,  faoed  wltJi  persistent  ^srteges  in  some  tae^iij^  axBes 

perticularly  scianpe  and  mattw»atlcs,  a  mall  nnber  of  ac^i  districts  hav© 

is^omted  varlcws  ftxro  of  mf  femttial  p^  in  ocxter  to  attract  teactere  into 

^eclBltias.   His  structure  oi  these  InoentivBS  vari^  acnss  districts. 

r!?J^^°f^'^  ^  to  districts  and  their  ef  f  ectivmss  at 

etlifldnatlng  shortages. 

FlvB  distrlcte  tJwt  have  tried  sam  fdra  of  dif farantlal  pey  iix^ixfe  HaustiMi 
Bcstoi,  Hartford,  Pade  Ocunty,  and  DBtruit.      Although  not  ii^arwtlm  a 
dlffBTHntlal  pay  plan,  tochestar  is  included  as  an  ^caipie  of  a  district 
^^grosdng  salarl«    Hcuston  has  a  plan  Oiioh  Indudte  mS-af-year  stlpmfe, 
gl»)  aaA,  far  aathsaatlcs  and  sdanoe  teachers.   Boston  has  a  MtxSiing  salary 
^o^ram  i«»ss      rem  teadiers  man  be  placed  higher  on  tte  pay  scale  th»)  ttelr 
aoqparimaa  Mould  dictate*   Ihe  level  of  anhanoe^  pay  often  fgr^^ffwiB  $5000 
miaUy.   Hartfyad  has  a  alBsUar  pnpgram,  twt  curmntly  neither  mattwiaUcs 
nor  acdsioe  is  designated  as  a  stetage  area. 

Dada  OoMitv.  FlarlAi  has  a  pcograra  iMch  includas  a  $1000  first  year  baim  for 
na*  taactes  in  ehartaga  axaas  (including  mathawBtlcs  anS  all  sderKw), 
JlnaUy,  patroit  reported  that  they       iispleoaitad  a  prcgram  yivix^  Mgt^r 

^^m^  *°  incoming  teachers  In  1^6-87,  but  the  jHogrHro  had  been 
teKsdnatad  this  yasBr.   itochesUa.  on  the  other  hart,  fms  intiodu»jl  a  broacter 
plan  to  enhance  taaching  status,  ixqprove  salaries  over  tto  profeeslmal  life  of 
a  teacher  (including  a  lead  teacher  salaiy  of  $70,000)  mi  provide 
qppartunltles  for  taachezs  without  forcing  them  to  leave  ttM  profesalc«. 

ffrofaaalaial  Qanditlon  of  leaching  ^   prablm  —  Salary  structure  a«3 
dlffarnsas  in  oitaide  inoorae  opfjorbaiity  alone  do  not  explain  aderce  arxS 
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MtliflBMtioB  tMdhtac  SMXUltMnt  ml  xvtMUXan  pnolslaM*   SImkIit  sttxitian  Is 
•txon0lsr  nlsted  to  tte  oontttianB  unter  vMlcti  taaLlmB  icsk.  IhBieiQm, 
«p1«ntllcjn»  of  t— cfiT  iiKKUgn  mad  to  inclucl»  jptafmiaifti  conditlcnB  as  a 
kqr  fMor  lOaag  wltSi  nlaasy 

ItodMa  Hud  Mwml  «|MCt»  ot  ttwir  ncxlcii^  condltionB  \mtis£actcKy; 
I'l iitMTliliiy  dutias,         aock  and  a  loaa  of  ji nfuaaluiil  atstua  wam  tte  loost 
fragumtly  awitianad  InAio—nta  £cr  laapiiiQ  tmOdng,   'Bm  lam  of 
pufaaiiuiil  atatua  Indudad  ttia  fbUoalng  factm:  a  daclina  in  tte  thm 
aoalliiaa  fiar  inatmctlonal  planninQ,  a  loaa  of  autonaqf  and  dadalcn  nklng 
oonftxol,  and  a  loaa  of  jvlAIr  xaaiiact* 

Ctoporbnltlaa  to  pna£aaaional  da«alG|nartt  Hiat  Inoluda  kaaping  W  to  data  in 
tto  atilanoa  or  aattianatira  fi^     taadiing  and  in  innonatliPa  ttasa  to  help 
•tudM3  Xaam  ia  alao  edtioal  in  ite  ntaition  of  adanoa  «id  AtfanatloB 
taachaca,   Sctal  diatilota'  proteaiaiai  dawalif  it  afforta  ara  ii^<liQi»to 
£Dr  toaohaca*   Itwt  of  Dialr  ofl^lnga  do  not  dial  aitli  aiat^oct  nttar  «nd  aca 
oCtead  too  inficaquntly  to  j^mftxaa       noHnartila  iiiiact  on  ttm  toaotera,  ^ 
Cffcrtinttiaa  ata  oftaad  aa  a  pert  of  tha  aock  day  of  taactea— coreUtiam 
tiivn  fbc  iiMiiad  in  aaniy  otSiar  pnofiiaaini* 

Itet  ia  faalnp  daoa?  FrooaAoaa  uaad  in  ifm  dasrto-^  cparetion  of  acinoia 
fraquantly  oonatxain  taachaca'  affiaotivanaBa.   lhaaa  aapacta  of  taactUn?  axa 
tr^  tazgataof  naw  inltlatitfaa  inaony  atataa.   intandad  to  adOcaaa  taaohar 
aKxtagas  and  quality  lay  iaiaxwing  ttia  pcaparatlGn  of  taadiacB  and  tha 
limfaamti  liHl  oondltlcm  of  tao^ilng,  toaaa  pngrvna  inciuda  oliHla^lao  to 
xaduoa  tB9r*ier  isolation,  incraaaa  taaohan'  iifut  into  inatmctiami  dadLsim 
anking  and  anocuxaga  opllagial  problaa  aolvln0. 

Mny  atatsBB  and  dlabrlcta  aca  oonsldaacing  or  iaplvaentirig  inActian  or 
intamrihip  pujis^iaaa  for  tagimliig  taaJam,   Ohia  is  an  igportant  dapartuce 
fxca  tte  tnditional  adnk-or^wim  appioadi  to  baginning  taaching.  Siartainad 
inducticn  is  naoaasary  to  atom  toa  tid^  attzltim  xatas  of  naw  taachsrs. 

Ono  of  t^iB  Bi^jor  in|>mlliuenLB  to  taactara  profaaaicnal  giwth  and  skill 
davalopsBRt  is  tascter  iac^lation,   Qmcant  af forts  ara  laidanwy  to  rastnjoturo 
adiDOils  so  thay  inccaaaa  tina  far  obUectiva  tsadhar  plmixig,  pcaparatiGn,  and 
pndblsoi  solving* 

tfist  maSm  to  bs  Skna?  — ^  tlia  dMlgn  of  tiia  tesrican  acixaatlawl  syatan 
nquixw  ttat  iflczoraiBntB  in  toe  xamiitoKit  and  xatantinn  of  high  quality 
nothamtios  and  scianoa  taacftara  ouat  taka  place  at  Hia  looal  and  atata  lavels. 
lEte  nipiLti^to  and  nstura  of  quality  tasdiing  pmhlaws  dictate  that  a 
ustiiaiaiiaiWB  and  a;yatanlo  amtoatii  naedw  tp  be  tataon,   This  ia  partloularly 
iafortant  in  laxga  tsban  districte  share  prograDB  can  toe  fira^antad  Kitlwt 
aiaoxxAO  axxorrs  xo  ixKmnnaia  maai* 

Stataa  naad  to  oonaldor  the  iafxstanoa  of  salMy  and  the  piufasaJxMl 
oonditicns  of  stiKols  snd  caraara  on  aclsoa  and  lustlauuitics  taaclmr 
ncxuitoient  and  xatanticn* 

rtm  Hatlonaa  Sdanoa  Ttamdatia^  is,  thicus^  ito  prcgrams,  M>le  to  sssist  states 
and  local  distzicte  in  their  teacher  xacxuitoant  and  zatentifin  efforta.  Utiile 
tha  Herniation  is  not  in  e  poaitim  to  provide  operating  sifjport  nr  sslaxy 
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It  pzDvldte  aivpoct  for  •f*arta  In  taaohor  ^CBpsration^  ^^MsaiMit 


i^"U,^u!tr^^^°**"       '^^^^t^  Btotifla  — J»»  grodng  need  for 


-^..^^  '        tBChnoXogy  w&joatlcan,  awfl  tiie  ^rcwlng  pcqporticra  of 

^yglty^g^ajpe  in  cur  nstifinal  denogrviiiiaB^  noke  it  tscumt  fdr  tte  Nstdcral 

I^idBtiA  to  aAbws  Ite  naeda  of  uctoon  schools  itarei  Iatiw  lutets  of 
Bincrtty  gtaidBnta  rttand,   MSF'a  teacte  «nhw«Mt  «S  «rt«^^ 

active  in  cAty  »ctols.  projects  c»  tiTtom 

ttaBB  activitlm  in  a  nore  oc^etB  mw. 


^iISiii^«SllJ!!"^ff^lJ?J^  initiatiw  adght 

indwdo  gTO«»  of  sdoitists  and  astiwatldans  inklz^  ijit*i  edboatns  to 
prmdds  toadwra  with  tadv^cal  asBlstanQa  In  tiia  tei^  ml  d^velamit  <rf 
mo^-teaed  ptoftassicral  dBv^iapmnt  and  trBinii^  effdrta*  Siaultmausly 
•toagcn  setolare  wUd  ooUabarsto  nutft  achool-baoad  ftoilty  «d  staff  in' 
ptoJactB  to  i^oDvo  |st>fassicnal  oondlticm  at  the  actaol, 

RnoBssfta  systmlc  ij^nLuwumLB  ohculd  Into^ata  ademe  m3  matiwntics 
i^wtfwant  with  tecad  xBftem  efforts,   NSF  has  Inltiatad  ecm  ctf  tteae 

flj^t^c  ftfforts  will  be  in  a  position  to  use        has  beo^  sisrorted  ord  tie 
the  follMing  diacrate  efforts  togeti»r: 

o  x^define  toe  learning  oitocnes  assontial  for  a  oderae  ei^  ioatt»iatlcs 
acwcatlcn? 

o  ^V^ciaent  with  altamatlve  apptoactes  to  staffing  sdox^  onS  WBtteBatica 
taacnlnQi? 

o  InCTaaae  teacher  pa-  dcipaticn  in  dealgnlng  the  matJx/sclwoe  curricula  anS 
selecting  naterla'^^; 

o  iytw  n»  oant^xt  icnowledge  and  skills  of  teoctfiTB;  (professional 
dav0lO|snis&t) 

o  eaqperlfflent  «idth  altaniBtive  teaching  arxwigeraits,  cK^iizational 
st3wturas,  and  decisicn  n^dng  procedsas. 

!2?I1?S^*!I'1J5!?'^^  Itotlm  li^mmmt      Gbvarrors,  legislators, 
and  ctUef  state  school  officers,  wodHng  togetter  with  scimtlsts 
mathematicians,  and  edcatoiB,  are  1      strategic  poaJtion  to  devalcp  mA 
lylaBBn^a  oaqpnehenslva  sat  of  ad^^  aix^  mattnetlm  etiicatlon 
IflprWEROTte.   QaiprehenslvB  x^tate  Initiatsed  policies  an)  pivagngq  l«3entlve© 
for  the  isprovtsimt  of  achodl-tasad  K-12  adanoe  and  sHttenatics  eAcatlm  are 
wjeded.   Sucii  program  ^houl6  be  designed  to  si^  taachlj^  m  attr«rtLv©  caxBer 
»  indivix>jala  *to  hav©  stn«g  back^ouids  in  adenoa  mi  swtl^natios.  Such 
proems,  osiBiatBRt  with  or  in  si^iport  of  local  initieUvea,  ataild  indi^ 
af  forts  tot 

o  «cadne  and  initiate  jspproprlate  suite  polidss  and  practioee  related  to  the 
raerultnent  and  rBtention  of  science  and  imti»atlcs  teac^vzs* 

o  liiprovB  jroparatlcn  and  Induction  of  new  adsnca  anS  nwthaaatlcs  taactos- 

o  provide  inoentivee  for  school  distrlcte  to  si^ort  acto>l-based  lnprovronts 
iiffiioh  ertfianoe  the  prDfassiar»l  conditions  for  teacters  svS  ttelr  careers* 

o  change  xagulatioTO  that  inpeda  sound  curricular  and  tswAii^  practices  . 

o  fiiw=^t  staff  dBweldment  and  technical  as&istarce  to  local  se^YX>ls. 

o  pnrote  local  school  decision  raking  on  tte  pert  cdT  the  taac^srs. 
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9U  Of  OOfflKS 

guaUiy  ttadbm     SdtaM  md  mil— tlia      $ 

Salary  8txiictur»      •••««  «   5 

mghar  Salsy  Zmla   6 

9m  fiftectia  caf  1^  Incanaaaas  en 

Tmetmt  Attadtion^-SoM  mibhulTi  HidAnoa   ...»   9 

Stata  casa  Studia»-NiGhigm   10 

Statu  Cmm  Studiaa  ■WUSl.  CteoUna    13 

ftofaaaicnal  Ortitiarai  of  SctwoJls  and  ChraaCT 

Ovwietf    14 

AdBiniataDatlva  Sknnrt  and  Suf  fadng    16 

Ctollaglal  Wtaack  Bylnmut   ...«•   17 

iMUclnB  Bctxanaaua  MEssteach^    i; 

Odcwrticnal  .Statua 

Ooovatlma  Status   18 

Pxofaoaianal  Dawlcpgent    18 

Itet  ia  Mug  Oona?  MUcy  CfeFtiaoa  and  BctMt±m 

Balng  x^Jaaaxtad  ty  Stvtaa  and  SdaitrictB   ,   18 

RBcmlteant  Kalislaa  at  tha  Stata  LawBl 

Financial  Aid  ftuyiauw   »  •   20 

MtHEWtlw  OaxtiflcBtlcii  FrograiB   21 

RBcmibatt/Hatttlm  tellciaB  at  ttia  Stata  Lawal 

Salasy  midaa    22 

Wicim  lUatad  to  tha  pEDtaaicnal 

Cbnditlana  of  SdhooOs   22 

teMc&EHnDa   23 

Analvala  of  aacniiinant/l»tantlfln  ftrillfHIaB; 
Salary  IWIatad  Ctottena 

ABproactiaa  to  Incxiaaatop  t^actiar  Pay    24 

ftailijmwajua  and  naaguMUinity  Based 

Cljii)ai*%itlon  l^u^yaas   •#»•*.••••»»•.••.■».   24 

»telt  Pry    «   ^ 

Omar  iiaddnr  nana    26 

Diff%'mtial  Fqr  SaavS  en  Shtttagaa: 

A  Stuty  of  Fly»  PUtrlcts 

Boaton  ••»••»•-.»••.•«.•»•*»»....•«  .•..•.•«•  29 

ftartfisnl  30 

Dada  Ctmty    30 

aAi—  *   31 
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Options  Itelafd  to  teBrovlno  am  PitrfaaBlonal  oandlticns  of  sctecus 

CXwiaw  J,  ^  32 

l^simvd  ncwmtiA  and   •.[I^!!*!!'!!!"!  33 

 d  CWmglallly  and  Auttelty   ^.  34 

nirrmnrtnrM  ml  rmftlmniii  wi  im    35 


li»t  MMdi  to  te  nuf?    ^ 

aBgrpyinqi  Urban  SdqnoB  and  >W«WBtlcB  Bto^fw^ 

Strta  SdanoB  and  Mathmato  lBAi^^  ^ 

 •   40 
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M«y  «^  Olte  nctsn  Jtfftatiiig  Ite  Quality  of  tte  'SMctdng  MQiEkten 

A  zvort  tp  tto  ttwe  QndtiM  on  ScdM*,  S»i06,  «d  mchnc^iagy  nS  tte 
S««t»  CteialttM  »  Lfltar  m5  Bnn  Hmuullm  in  Lwofmrn  to  110330 
(100th  Cbngm)  iMch  xmgjSxm  tte  mxvctor  of  tto  namSatlcn  to*.. 

"..•MtaLt  o  topQgt  cn  thB  iMptet  of  »al«y  lowaiB  on  tta 
zvcniltMnt  6nd  xotwit  fin  of  sdnoo  onA  MittVMtico  tooctm 
ct  pr»-ooll«90  imlo.  9i«  nffort  ihsU  gstte  «S 

ficoQ  mvom  tho  oountcy  sid  Mil  tacZudi  oM»  vtvdim  of 
mOnaH  8yBt»  in  tfiicii  walarlio  hM  tam  ctangod  to  atUttCt 
nl  xwtain  aciMn  and  nttientiai  tMChin.''  (p*7) 

mttdhBTB  fSB  oontTBl  to  the  edkication  q^iaUty  of  tto  45  mUlion  Almontaxy  and 
MQCX^sry  «A»tion  students  in  ite  United  States.    2^  cua^  the  quaUty 
of  indivldbaXs  attxBcied  to  teaching,  in  texm  of  «tot  they  Imm  and  a»  «hLa 
to  do,  18  a  oentral  issue  directly  ffilated  to  suoosssfUl  laazning  in  schools. 

lha  bBQiming  and  caxeeor  salaxy  for  sciflnoe  end  asthenatioB  taachais  have  acted 
as  iiiyui-tani  oowtxaints  an  xecrultmt  and  xetanticn.   As  the  cema^e  ftxm 
xspart  entitled  A  Maticn  Prepared:  T^achexs  far  the  21st  Oantury  euggosts,  to 
attraut  OLnyctait  poofae  ifio  ere  alaom  average  in  ability,  **«  •  •  districts  will 
have  to  pey  salaries  at  least  eQua^  to  those  of  ^red  in  tna  mld-rsrxie  of  the 
Muge  acale  far  oooqpatians  requiring  oonyaiable  a^jcatian,  roug|hly  equivalent 
to  ii»t  aoeointants  aro  paid  today.*   Ihe  ovanJielning  n^Jcfflty  of  aU  teaciiarB 
on  paid  m  ^  hMia  of  a  mingle  salary  echec^e.   Separata  data  m  acisnoe 
nS  MtfMet^  taachars'  salaHaw  is  often  not  available;  theniforo, 
uAccstandii^  the  zecruitaant  and  rertantion  of  acdme  and  mattMmsUos  teachers 
idJJ.  t^  man  than  en  enaiyslB  of  the  effects  of  tseoe  pay. 

Several  districts  hrm  eayariwentad  with  flostible  seioiy  schedile  aErrsngacents 
for  zeoruiting  taachera  in  aa-nrtaga  areas.   Other  districts  haws  sought 
creative  ways  for  s^^ienoe  and  mthaBaatics  taachars  to  gain  additional  inooms. 
HDHSver,  ever,  in  districts  and  states  nhic^i  have  esipBrliWTted  wllh  differential 
salazy  inoantivas,  fihortages  of  watlaaastics  and  adenoe  teacters  peraist. 
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nitUsig  salAiy  into  pezvisctlm  vis-a^vls  xvcxultaant  and  zwtanticn  irt  mXy 
n^tlm  a  xmftw  erf  tha  mfiOetxm  zvlatad  tP  actual  salazy  l«vela  (twglming 
cmw  pBtti),  l3Ut  alBO  to  outsite  {of  tMching)  liucm  oifxs±unities  for 
eif^xwA  iyvm  of  tiaohttiv  and  nonK«razstiv»  IncainttvBS  for  mtry  «iai 
ntsiticn  Into  acUanoo  and  ntimtin  tsKi^lr^. 

Ito  Mjoh  iAiiat»il  factorv  fa»  critlGal  coratx«Snts  en  scliaoi  systnw'  eftorts 
to  manilt  and  zatain  acdmi  and  nsttanstioa  taaolm.   Plist,  tfwe  tawtioiB, 
particularXy  aottanatlGB,  ftv^dca,  and  ohmlatzy  taaiim,  hm  a  vi^a  aat  of 
axtaaiativa  nontaacMng  cazaars  In  tha  piiOic  m  sslvata  aactcr.  SraH, 
aaoondaxy  wUwiBUoa  and  natural  adanoa  taaciiara  ara  atarongfly  orlanted  to  tha 
oontant  of  tte  adanoa  and  laattamtioB  dlKlpUxw,   Htmm  InUvlduala  aa^ 
oamra  that  of  ter  tha  prufaaaicnal  aoocitaaaRt  end  paraonal  sstisf  vtl£i> 
dadvad  txm  tha  acdwtiflc  iscoasa  i*ilch.  If  dvUad^  act  as  9  maiimiUva  to 
tha  taachlxig  cazaar  cfcxLoa. 

TUmWO  SILMgES  PfW)  PHayELSriVE 


and  l^utmL  lo^ndiaot  in  the  xacr«itMnt 
rataitim  of  aeime  and  aattiauBaoa  taachen.   BoMver,  tfacy  aliant  ave  not 
mffldant.   CtojpatliTOi  status,  014301  tunitloe  for  pnrfteslonai  davalojiwt, 
and  tha  professional  oonditlons  of  schools  md  caxB^  ara  Just  »  iiquiUMiL 
(DBTling-Hanaond,  Mjdson,  and  Xirty,  1^;  Qaxnagie.  Itolsss,  19B6; 

Darlliig^laninand  and  HUdaon,  >SF  1^;  RooanhoXtz  and  SiyUe,  1984;  National 
Qwamora*  AsaodfltiiTi,  19B5).    Schools  »wst  too  profeesionally  engaglrg  places 
tt>  inrk  and  taachlng  careers  aust  of  far  opportwUtias  for  advancssoait  if  scJxxa 
W«t«Hw  ara  ^sie  to  attract  and  keep  ooqpetgit  sdanoa  and  laatlMnetics 


1t>  inlaxstand  tha  af teta  of  aalaries  tx%  taachar  xacrultm^t  z^rtentlcn, 
ahortagaa"  oust  faa  oonsldBtad  ainoa  in  tha  aggrngats  auch  ^nrtagas 
a  saonlf  estatlcn  of  inadequata  racxultsant  and  zatention  policy  «vS  i^ractica 
in  thasa  aroas.   Althexig^  tha  wldanoa  on  taaKter  supply  and  dasnxS  is  waak  ml 
fra^^  Kith  definitional  ponQbaeras,  achool  district  tBpaz±e  anS  actios  taken 
to  ataf f  adanoa  and  aathonatlcs  classes  with  lass  than  qualified  teachers 
indicate  a  paxBlstsnt  ^nrtaga  of  natural  adenoo  and  mathematics  tasters  over 
tha  past  12  to  15  yaars. 
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wsy        tiw  licwsw.  th»  yUaat  pmlfltB  «im  lAian  thmi  im  m  rwlutl'vm  Ion 

HMCtw  MlttlM  gmnlly  ft^Ilow  tt»  Mctot^  riaino  in  tlmo  of  daaand  and 
£■12119  ^  timm  of  uplua.   HoiMrar^  Ite  inoom  altaiMtivw  outald*  of 
i— rWiig  and  tho  Gcntxainta  on  nosnnratlw  iiantlw  aadilm  to  aite 
wlanoi  snd  sBllmstlov  twdiin  xwxultBvit  0v5  ntsmtlan  priAfl  w  ■oonp 
dlffiodt  Itan  ttay  «n  for  nt  otte  Imtzucticm  mas.   lliim  dlffiailtlos 
my  iflthin  th0  fields  <a  mcUnm  miA  — tlwwUo^  «nang  ^wicus  Xcrals  d 
taacfiln^y  and  in  lUffKwitr  loostlGnB* 

mgita  0(  RKSEuitnat  wd  llvtttitiai  -  Xmum  itf  Qwllty  moA  Quwtlty 

tmtyatB  of  xvcxuitpaatst  and  xvtartion  mn  individuals  sotlvstad  not  only 
fldflnoa  and  loatlmstlGS  but  also  by  tlia  cifCK  Unity  to  ihare  tteix  ncltSDant 
nd  Irawladgfs  wlttt  students*   Kocaniitaont  of  acianoB  taachara  sust  ocnsidor  tte 
unii|uo  naodB  of  indiviciials  wiHi  aclantific  intwwts. 

Ttoctiars  highly  scrtivatBd  by  m  appraciatiqi  far  Bcianoe  and  aathgnatlcB  as 
mbU  as  by  txadcing  %d.th  studanta  ana  the  aam  individuals  tte  eipact 
qpportiaiitifie  to  expose  etudontB  to  laboretaty  mcsIc  and  «te  ham  attractive 
eltemativB  oazeer  choloas*   Ihoy  need  the  labooratoiy  for  pergcnEil  ei^Kv^ 
and  {SDfessional  develciiiisit*    In  sm,  the  indivlAials  ve  need  ocst  daroand  tlie 
met  of  their  teaching  eiqsBrianoB.   If  a^iaolB  oze  lai^e  to  meet  thelx  need^^ 
they  ace  IDcely  to  puzeua  other  ei^ploynant  that  doae. 

jha  Scianoa  and  Math«iatice  '^aechar  Quality  leaue^   nere  aze  nany  dtf  initiona 
of  taat^ier  qualification.    Rs*  axaniae,  quallfiostion  and  oartifioation  axe  not 
naoaaaaiily  aynor^iaoua.   Vtv  purpoeae  of  iltia  xeport,  the  definition  of  quality 
la  dizactly  zelatsd  to  i^hat  tearfgrs  )Qr»#  (eder  e  and  aatheoatioe)  and  are 
able  to  do  (pedagogy.  Instructional  pautfie^  develosront,  dodaicne  xegarding 
leaming,  and  so  on).   Ihese  tMO  fintecntal  quality  laauee  give  rise  to  the 
foIlMing  queetlone: 

a)     ttes  tte  the  indlviilial  have  adequate  disciplinary  knowled^ge  to  explain 
fldantific  and  isathaoxatical  principals,  outEaeyts  and  phenomena  in  a 
variety  of  ways? 
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b)  Is  tte  inOdviJ^ml  ihla  to  taocfj  ly  drmrirg  qpon  m  variety  of  laaxnljr^ 
•titttaglfls  OUch  «n9agB  etudnit  intmsGrt;  and 

c)  X«  tte  individual  itite  tp  oogwtiy  xaqpond  to  vtuteits  i|u«Btla», 
pnftaara,  and  undeacstandincp  (or  nlaundarstsvSii^}? 

nasa  omidBratiana  plaoa  ontzml  ii^xxrtanoa  on  quality  loauas  liith  xagaxtS  to 
tM  tiai  xvcmitmnt  nS  ratantlon.   niaaa  laauoa  wmMkiu  tto  quantity  Issue. 
Hiat  i9,  9X9  ttara  rnm^  taacfiarB  to  ataff  acianca  ml  otttt»»tica  claaaiumfci? 
OiiRtlty  imiaa  an  Iqpartart:  In  tJwdr  tain  rl^fit.   Howswr,  tJ»  cere  |Bt3bl«B 
ftr  tJia  natlcan  la  the  knmiadge  and  ahiUty  of  teactoxB  that  mi  acime  ml 
DSKUiaaiBticB  clagsgDCPs» 

Bmt  If  ttMB  ±B  no  shortage  of  IndiviAaals  ito  curxwiUy  have  tiie  mlnljTmm 
cradeiiUals  to  taadh,  thero  is  a  mjcar  shortage  of  taOl  ^y^nfirrt  mdLmx  «l 
Mtlmr  fiB  taarlai  a.    Ihls  |schl«^  ia  particularly  acute  at  t*w  ©lamentary 
actool  laval  and  ij>  urtan  oaitBiii  (Darlijig^teiaand  an)  19B7)- 

Hila  inoblam  Is  nlatad  to  achool  systOT  nstponaea,  Uraitatlms  of  si^^ly.  bt^ 
OQnstxminta  on  In&joraitB  to  flntar  or  stay  In  toac*dj^-    Uio  history  of 
acianoe  and  mathomatlca  couras  staffing  is  riddled  with  croi-gBuy  hiring,  out- 
field-toadWng,  the  uae  of  full-tiro  sufcsftitutee,  and,  in  seovdaiy  Bchcaols, 
canoalad  oourBes. 

As  jnortioned,  1ii©  problGm  differs  fcff  dlfforent  fields,  in  dUferant  locaUcns 
(tsban  oore,  isolated  rural  areas)  and  at  diffeiBnt  levels.    That  is,  jtiysics 
and  chanlatzy  differ  tram  tjdology  and  general  adanoa.    Scteols  in  the  urt>an 
core  and  isolated  rural  areas  have  taich  noanB  aevBce  recxuitroent  syS  retHTticn 
problene  tiian  auturtaan  and  indepondent  city  districts.    Vgpsr  level  mathwiaUcs 
toachaxa  aza  hazdsar  to  zecruit  «id  retain  than  Xouer  level  and  ganeral 
matiiauiatiOB  teachfixs. 

Elenoitflzy  "ocrami  faranch"  teachers  (respan8i^'e  for  all  ooere  acacJ^c  courses 
in  a  single  classxoon)  have,  on  average,  the  v^^akest  acactenic  bacdcgrouixte  In 
scienoa  and  roathomatlcs  among  all  teachers  assigned  to  teach  ttoee  subjects. 
Recruiting  scientifically  and  mathematically  cAjcatod  elerantary  teariwrs  is  a 
tfVClw  pxcblcn  tor  all  school  systems. 

4 


763 


OALm 


and  Mli«matiQa  taaohera  awt  addtma  both  aaUxy  and  peofanional  Itam. 


Stfarv  Stnctiira«   It  fma  bam  acyind  (Xantfm  nS  Mdtoan  1962;  Lovin  19^) 
tt&at  itatagpH  of  aattestlos  and  adanoa  taactwv  mrm  m  r^r^^  nS 
pratUctifala  oiftooPB  of  Hie  salary  atructuxv  fcs*  taactara*   'Shat  la,  itotagtK* 
can  ba  •^pacttd  whan  dif  temt  types  of  taachaxv  ara  paid  aliailar  aalariaa,  but 
mam        paraiatsntly  hisgfmr  altamata  inoooa  qpixstunltlas.   Sliva  tto 
19S0*a^  all  taadtiara  hava  bean  on  stollar  saiazy  acMUlaa  that  pay  dlffazwt 
^fpia  of  taacteni  aiimiar  ^mgo9  based  only  on  yaaxs  oS  taactiing  on!  adbcatlcniil 
attilimnt. 

As  iiidicatad  jAiovg,  this  ccnstcaiiied  ealaiy  bypotfiesi^  fits  tte  data  Mhich 
itms  paxBistent  gRianoe  and  wittwatica  taacher  ^icrtages  ow  ti»  last  15 
yaara.    Such  ^Kuta^ae  paxBist  evsn  ilaring  tlras  of  garaoa  decim  in  t^^rlw 
amnd.  X^xring  tijoes  of  falling  domand,  all  taacter  salaxlas  fell,  mintalni^ig 
tto  zBlativB  shortage  of  mathomatlcs  and  adenoa  teactara. 

Itiara  axe  Abundant  data  to  dDcuBMil  ths  hig^iar  inooro  cpportuonitira  of 
lndivi(&al8  trained  in  the  oathoRaUas,  engtnaering  and  admpa  azBas* 
(aarling-HaaDOid  and  liidscn  1^,  Laifin  1W5,  KZS  1^,  Nrtdonal  Sdanoa  BoenS 
1987).   Hffnm  aW7)  pnvlilw  tim  aarlaa  data  ^Mch  ahqws  that  between  1971 
and  1985  starting  aalarlaB  for  mathomtioSr  physics  ml  chamlstzy  studatts  vmcs 
40  to  60  paxcant  hi^^^wr  than  starting  aalarlas  fdr  taacheiB,  tteen^  startix^ 
aalariaa  for  biology  n^cn  Mara  only  10-2S  pagoanl  abom  tascMng  mariea. 
Ite-  the  hjnanitlM,  the  aalary  dUffarantlal  mss  barbiSBn  5  wnA  20  percent* 

Salariee  tea  H>t  araou^,   €km  pdeoa  oS  svid^ioe  that  does  not  ooiruboiate  the 
affect  of  hl^«ar  cTutsida  inoame  cpportunitias  ia  the  dif f axwt  attxition 
affacts  sioig  adanoe  and  mathamUcs  teachers.   Scianco  taachars  leave  their 
jobs  at  aignificmtiy  hlgheor  anutea  than  oti^u  tr^^chera  CHicnane  end  Olsen, 
1987;  Honane  and  Olaen,  19B8;  GrissTBr  and  Kixby  (1966);  Holnw  at  al,  1986). 
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awmr.  His  date        oorb  Inportrnt  illstlnctionB  tetuwn  ddf  ferrot  type©  of 
wiMot  nS  MttHiUBtlcB  taactiera* 

Blclsgs  tMtfm  tsnd  tx>  hmm  torn  l»«r  rttxltUsn  inA  Xowcr  outside  Inxnfi 
c^VUKUnltlas  than  •Ithar  chvdstzy  car  ftrmica  tmmrlmw    BicOogy  taactms  fit 
totD  tt)9  annMsfc  of  the  tliaaty.   Hcmw,  Mprlsingly,  mattn&ftti<s  tem^iars 
*  not  follw  t*»  ai^facUjJ  pBttam*   Outside  Mge  ocpaituiltiea  era  as  high  for 
QBttMstlca  sAjGss  fts  for  chmiBtxy  and  pIvBicB  aejcn;  hPNevcr^  tteix  icng 
tam  attrition  is  al^ilficaatly  lowecr  than  that  of  tfclmvm  mjars-    Iivfeed,  ttw 
attrition  rata  ftar  nsthEWtics  taachara  In  aevasnal  atataa  otudiad  were  equal  os: 
ICMBT  than  that  of  the  Average  aaocnSaiy  achool  tester. 

Ihifi  finding  may  be  parUelly  axpi&inad  by  the  fad  that  TOthaaatics  teatters 
mmf  rat  be  a  homogenecxis  gxtx^,  «id  way  havB  hi^^ur  or  Iombt  outsii^ 
<Wartuiltles  d^iendiJig  on  uhother  they  te*ii  shm»d  gduz^  car  lower  i©v«a 
ocwraes.    Another  fixplanation  is  that  teaching  oanditiqy  fieaaiar^jgdaxg 
may  aotxamt  for  differanoes  In  loavlng  zeiae.   Qr^  key  diff^rrc©  is  that 
adenoe  taacha^  may  bR  team  sansitivv  to  the  (j^ality  ctf  l^xratory  sjuiprent, 
and  the  associated  re^xx^sdbiXity  far  oonductliig  l^nratxxry  oouraes. 
Thorefore,  the  professlOTal  envlrt^roent  of  schocle  may  play  an  icpartant  role 
In  eKpXainlng  diffctwoes  in  tnathewatics  and  aclanoe  teacter  attxiUcn  r»t»3, 

If  dif feinanoBS  in  outside  incxrae  mycatinlty  were  the  sole  rsoOT  far  problans 
in  taacter  iiRCxuitraent  end  iBtentlon,  then  one  «<xAld  axpect  r»  stotages  in 
fipeclal  ecb^tion  teachers,  no  dLffeDenaos  In  attrition  m^tx^  raartwiatlcs, 
physics  end  chensistxy  teachers,  and  no  salary  differentials  in  sctoilfl  with 
differmt  teaohin9  conditions.    These  o»itxal  featunes  of  taachei  star-tages 
cannot  be  eatplained  by  outside  wtage  OKpartmitles. 

Both  %«rking  ouiLUtiarB  and  outria^ltc         ofjportunltieB  play  aono  role.  TN? 
alternative  wage  theory  cfcee  seon  to  explain  a  aigpfUficant  pert  of  tt»  ^xxrtage 
of  yhyslcs  and  ohanistxy  teachers,  and  the  connwhat  lesser  shorties  of  biology 
taachexB*    Hokwx.  any  overall  theory  that  atUayU  to  v^Oain  tMiwr 
rixstagaa  neada  tx>  include  working  oonditima  ms  m  key  bypoti^ala  alo^  with 
aalAy  levels. 

Hif»cr  Salary  Levels.    It  is  iJiputtAit  tu  IdtfiUfy  and  si^^^surxi,  to  tfc  axt»it 
poBSible,  is  gained  from  teacher  pay  incroaass,    •n^acher  pay  ijxTBaaes  arB 
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Axvctid  t0M«rd  improving  tto  gmr^xmrpB  andl  pcoducUvlty  of  th*  tmMrg 
laufwlcn  In  mxcifflc  My».   Himm  «ff«ct«  m: 

0  liyTMBliXj  Urn  of  indlvlA«lft  MtOnQ  tMchlng  Jdba 

o  ntalnlno  ourxwt  tmmLfmru 

o  mUvrtmo  tMMn  to  tnlntito  KtlvltiM  liq^stM  ttalr 

o  in  rwMilni  Itw  tumow  of  iMctarm  with  wmgUmi  ^mfasmmm 

tattte  BBlarlOB,  Mlth  xeapact  to  altmst*  ooCMpstlORal  ctoloaa,  wlU 
of  course  lix;i«8»  tte  aivply  ctf  IndiviAwls  into  tMChing.  9iis  susjpxy 
jUnmrae  i«UX  ooaur  at  all  ImOa  ctf  taactar  quality.    Studies  of  tMohing  and 
in  «7tiw:  ooo^vetlGnaX  aims  genesnally  provid»  midanoe  ttiat  hi^i^er  pay  tarings 
lacger  espnaion  in  Iombt  quality  oooyationaX  gioivs. 

m^vr  salaxy  alone  will  not  rasult  in  a  higjhar  quaUty  toachar  wxkfcroe.  If 
aduol  districts  caxmt  distlnguiEh,  at  t^a  point  of  hiring,  dlfferanDos  In 
tOj^mc  mS  lower  quality  tatfchaiB,  tim  hl^^iatr  salary  will  not  raault  in 
ingnoved  quality  balng  hiiad.   HDwavar,  if  actool  distx^±s  ax«  oelective,  then 
tte  myr^-^^  nutter  of  hi^^  quality  taachars  can  be  hired,  and  loweor  quality 
t»ac>m-s  will  tie  acxvmd.   IMs  ahiSity  to  ecxaan  out  lowor  quality  teachers 
ia  an  isfxactant  ooraitfervtlcTi  in  nana^Lng  incraaaed  taachai  SMPply. 

Higftar  t&vt^  aalaries  aiao  will  incnaaae  xetnntlm  ^  present  teactsrs.  An 
iiqportai..  question  ia  whether       rvtantion  incraaaas  ax«  lar^  tot  hi^ar  or 
lowar  quality  taadwra,  artS  v^wthar  achool  *diJrtxictQ  take  advantage  of  tte 
hi^^vr  ratnticn  to  incraaaa  tumow  of  lowar  quaUty  teacher  and/or  .istiioe 
the  iwtar  of  lower  quality  new  hizae.  If  no  poming      lc»«r  c^^ity  taachers 
occur  mi  if  aalactivity  at  mtrarcu  ia  poor,    then  the  effects  of  pay 
incxeeeaa  can  be  aariously  weakened, 

1^  final  effect  of  pay  incxaaaea  ia  to  incraeae  the  porfnmwnoe  of  axrmt 
taatirwrs.    Hwb  la  m  roeeaxth  on  the  artant  to  iWch  higher  aalaxy  iJiAxxe 
taachars  to  Imarov*  ttolr  own  parfoosmca.    It  ia  mlikaly  that  higher  salaries 
aim  will  havo  a  major  iinpact  on  dav^to-day  teacher  parfonaaoe,   H»aver.  to 
1J«  extent  that  hlgJ«r  aalariea  allow  ml  raotlvato  ln«etx«ant  in  more 
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wAjoattUwi,  tMCte  pgortemos  Msy  ^  l^^twd  ow  tha  long  t\mi^  pnDvldM  ttat 
tte  imwtMRt  la  In  tD»  ttws  tflnctly  rvlated  te  IqcmMd  tMctHi^  mS 

Ite  InoBitiM  far  tndiKs  to  ihgio>  itmlr  am  jmt  riaum  cm  Also  ^|mS  m 
tte  tttructuTi  of  t»TiiT  p^r.   if       inrmmm  «ra  bMd  vtadctly  on  jmkv  of 
m^mrimom,  ttan  InoHxtlv*  for  ii^xovod  pwCaana  sMt  aU  oom  team 
intzlmio  ■oUvBtian  «I  otHar  nonaujaiUc  rwrnrwrn.        Aystm  iMch  rrovlito 
dmBwstlBi  p^sr  biMd  on  km  csrltBla  of  pmc^otmnom  or  partldpstlGn  In 
pir.toiHLi>  aiTiaM  fjig  actlvltiai  hm  tso^  intriiwie  and  ntxteBlc  K^wUcn 
te  li|iLwino  pTftmnanoa,  Tim  ecmaon  oiazmt  ^wtioci  is  pqr  jbmd  en  yMx« 
of  mqftrimroa  «d  oAntian.   artrlittlc  wtlvstian  im  pmriM  to  pm» 
•Arnold  rtiili'W.  Alltau^  tii*  nau  p^r  dltf^rniUals  Iwtiwi  tMctoicc*** 
Mstar's,  ml  fH.0  dqpMB  nsan  tlwt  tte  xvtum  f±ixB  ttw  adU£«tional  Invmtmt 
oumnUy  im  msaHX. 

Diftewitlal  p0v  for  tMc^^r^  in  tt»  fiocn  of  wit  fpay  la  Ment  partly  to 
inmlili  aASitlcm  ootivBticn  far  ii^sovliig  partamnoa.   lb  tha  axtwt  that 
«R«Xiiatlm  cntaria  and  pnxvAma  oin  Sdantlf^  batter  taoctea, 
Vignifloant  ooapnoatiai  diff*rantlala  «ra  asttisOiahBd,  ttOs  la  pcasible.  lt> 
Urn  evtait  that  avaluatlana  axna  omdKod  uif^  or  aitdUaiy,  ttwn 
dlffaxwiLial  pajr  oan  aetuaXXy  imlt  in  lowar  morale  «id  degraded  perfbssKKe. 
tta  avldvioa  on  mh  ilImhh  la  %«aak.   Nany  and  tefora  ttwy  Imm  a  cham  to  ise 
Maaaaad*   &jcii  m^mdbb,  vtai  aaaaaaad«  axa  of  ahort  fknatlcn  Am  to  financial 
pnobXana  In  tha  acteol  diatxiet  or  taacauM  tha  nodaat  dif  faxwtials  aarod  to 
ham  no  affact  vla-«-^  na9«Uva  alcte  sOacta. 

Xttffanntlal  pay  can  alao  ba  uaed  to  is^rova  tha  QuaUty  of  tte  taachlng  pool. 
Ttmt  im,  adanoa  and  aathmatloa  taachacra  cm  Xm  pisvldad  with  nlary 
flunOMvita  fx  parftoflMdnQ  addltlanal  Aitiaa  or  fcM:  aumr  %Kxk  i#ittout  laaving 
tha  taadHlng  paotealan.   Itr  aooBcOa,  cacaar  ladte-  achnw  cf  additimai 
p^r  dnd  atatua  for  taachara  i4io  angaga  In  ourrlculw  dawalopnant,  wtorlng 
baglmlflg  taachara,  and  laading  a  caoaa-diacipUnaxy  taaohlng  taam.  Sor« 
ffctfiol  9gmtmm  hmm  mmr^  fer  amaar  mapla^mtt  In  adanoa  rich  aattii^^  to 
inoraaaa  Inoona  nS  provldi  atiwlatlng  anvictamit  cifTortmltiaa  fear  aclansa 
and  aBUHuaUoa  taachara.   mmt  of  thaaa  achaom  ara  too  aarly  in  Umir 
iiVOamULio)  phaaa  to  ^vaitaata;  howavar,  thaca  la  aona  modotal  avld^ca 
that  thiy  axa  having  a  pooittva  affact  m  xatantlai  (Qrianar  a»i  Xirty,  1987). 
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mm  ttttrltim  x«te  fiar  teacNn  ftsiUoM  a  XhttegtA  psttasn  at  Urn  state  leml 
((Mamr  vd  Kizt?,  1987)  ultJ^  attrition  rataa  in  tha  flnt       sa«a  balng 
tiatijawi  10  anS  20  paroant,  MLling  to  aOU  Wlm  5  pnrcwit  ikiriiig  aift<araer 
Mi  rlairv  liQaln  to  10-20  paroant  aftar  taiUMA  aliglblllty,  ueuaUy  at  ago 
55.   Mtntian  aacng  tMchara  la  aoooiwtad  fsxc  ty  Iteaa  maving  thi  proftesim 
and  not  xartumlng,  ttaaa  tailing  toiqpocaxy  laava  ^to  zatutrv  and  ttnaa  laav^ 
to  taKh  in  mtlvr  atata*  Alitxai^  Hia  p:o|xstiona  in  ttma  flSDMpa  can  vary 
ovar  tim  and  botwaan  atatae,  ansodflat^y  1/3  or  fanar  of  thoaa  laeving  each 
saar  will  not  ratum  to  taaciiing,  atait  1/2  cr  aon  idll  laava  taqpoKVKlly,  and 
1/4  CB-  faNsr  laava  to  taach  in  otiior  atataa* 

^  iiiuLaaooB  Mill  dlftemtiany  Ispact  taactaa  at  f atont  pointD  in  tiieir 
Gttaar.   Pay  incraam  will  teve  thalr  Is^ast  affact  cn  taactaza  didng  ttelr 
fizvt  5  to  10  yaara      taacMng  aayerlanoe.   mis  ia  bacauaa  inALvlduala  at 
tMa  tis»  of  their  caiaBr  have  tha  mat  ooqpatitiva  outaidB  opportwiltiaa  and 
it  ia  tto  aasiaat  tin  to  suitdhi  csaxaara*  They  alao  do  not  hava  cuch  inwaotrvnt 
in  peraicn  oar  xatmoont  ayBteos,  and  faNor  hawa  mada  a  oomltaBnt  to  taacMng. 
Choa  imt  15  yaaxa  of  taacMng,  fM  taachara  laava  partly  bamsa  cf  laLUautfit 
vaating,  portly  bec^isa  of  a  hl^^  uuBBdtiaMnt  to  tBachln[>,  and  partly  baeaw 
auitiiilng  oaxmrs  ia  hsrdar  at  this  point  in  liiair  caraar.   ISua  pay  incxaasas 
Kill  hava  only  aaall  affacts  on  this  gnai^. 

Savaral  stuiiaa  inlicata  that  taachaxs  tdth  atzmgar  acadondc  teciagficoids  tend 
to  laava  taachlng  at  higher  xataa  than  thoaa  with  weak  acadawdc  xaoatSB 
(Monm,  1957,  Himana,  liW8,  SdUachty  and  v*noa,  IMl).   Sena  erf  ttasa 
ahaliaa  hava  avsaculatad  that  auch  indlviiiiala  aiti>  atzong  adanoa  nl 
auttastlca  taarftgiomls  hava  a  his^  ocmmtaant  to  taaching  than  far  thoaa  itfio 
wtar  baoua  of  pay*  9^  fact  that  thay  aaem  to  laava  f^ater  ti»  othar 
taactars  ia  liXaly  to  ba  cto  to  factosa  othar  than  aalaiy,  a*g*^  psofaealanal 
OFpcrtinitiaa,  i«ricing  oonditdow,  opportwiitieB  to  laam  on  tha  y±>,  and  ao 
on« 

Anothar  iayai  Unt  quaation  oonoaming  pay  inoaaaas  is  thair  xalaUvo 
affactivarasa  in  i&avwiting  attritim  lauaqparad  to  othar  policiaB.  D^enditurao 
m  iJ^vovad  mking  oonlitiGnB,  latxntorlaa^  and  ataff  awort  all  can  aid  in 
lohiaring  attrltim.   Tha  Itay  xaaouroa  allooation  ^Mtion  is  tha  artant  to 
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liiicli  fluoh  ma^pmOiimmm  mem  wacm  or  IM  tt»t  iRfftetlv»  in  prmnrting  attzltlfln 
OB  i4»uiifl  tp  dlnet  pv  SnecwM*   An  alttrnt*  quirticn  is  tta  x«l«tiv« 
tftativmM  of  mamM  AUocsatad  to  frixigm  tomfilti,  ntli— it  bmflts  cr 
mAms^  xarHing  actwAils  w  cf^poMd  to  pi^  incxwM« 

gtr^        Sttfti—,  *nm  hm  torn  tar  aitjiila  to  mSOrmm  t9i»  tay  quasUora 
inraXvina  the  «lf^cUvnH  of  piy  in  prmntlno  tMctar  attxltiaru  1l»  nt 
noant  mS  acitiisticatad  tiaric  to  «Rdm  tto  osn^  pBttR»  of  t— clitiB  nnd 
1to«£tet»  of  pv  an  ttwo  osimt  psttom  is  woKk  tlwt  um  state 
IcngitodOnsl  data  mso  in  HicMgsi  snS  Nvth  Cteolim  to  track  witaarii^ 
toseteis  (ftimm*  Sln^ir.  WlUst,  1968;  Mmmi,  Olsvi,  1968;  smI  Hosm, 
Oism,  1987), 

WUMowi.   Suivivsl  and  ts-siiUy  xstss  of  oetarta  of  tssrrn  :a  snterir^  tsachlng 
in  NloMgm  dosing  t»  Has  pGdocb  1972-1974  and  197&-1980  Mm  stuUsd  using 
teaching  ^ssdSAty  and  dwographlc  characrtaristics  sb  varlablsa  (Hanam  onS 
Olscn  1987). 

f osctetrs  are  gioi^wS  into  subjact-flpocif ic  csategnrlfw;  slaoentaty,  ai^Uahu 
satiwaUoB^  social  studLas,  Mdogy  and  chssdstzy/pTn  iics*   Tte  ""fixst  epell** 
of  teaching  — langth  in  yoora      ccnctinuus  teaciiing  bafcso  at  laast  cna 
intBXXMptia^  %marB  analysed        tte  following  zasulte: 

o  PnmiBinary  satimatee  indicate  that  aaloocy  had  a  naU.  tut  statistically 
aignlfioant  sffact  on  aurvival  xstes  tor  latsr,  but  net  for  aarlisr  oohmUi. 
rha  sarllar  stfact  was  anall-«  81D00  salaxy  incxsovrt  wuld  xmisa 
Isobid:dlity  of  tMohlng  to  fiva  ymm      only  2.7  paamnt* 

o  52  psxoant  of  taachara  teginnlng  in  tha  aarly  1970*8  iiaana  tsactiing  in  thalx 
slswnth  ysar.   i^i^mtoataly  ona-quarter  of  this  groiv  still  tsadiing  had 
St  Isaat  ona  intanri^tiGn  in  taaching. 

o  Mtritian  of  tsadisra  is  mioh  hi^^wr  in  sarliar  yaara  tten  later  ^sara. 

o  Tte  tixaas  nito  a  eanar  intrrrtfytlarv  anvoodsatsly  2/3  nan  rfwit  tor  only 
A  yaar.   Surprisingly,  tha  ustteui  o£  caxaar  intsmjptians  mots  sinilar  for 
■an  and  msssd*   Qnwor  ii iteixtyttcns  hsks  oftm  soocnipaniad  by  fUuLiict 
ctengea,  s.g. ,  stuteit  pcpilaticn  liiifte,  wLih  district  changM  scro  likaly 
tte  longaor  tos  intem^stioD* 

o  Gbhort  lurvival  rstaa  for  tMUntenvpted  taactilr^  ms  nuch  loaar  for  ooharts 
antsrlJig  in  tte  late  70*s  euayanad  to  tha  ssrly  70*a*   OUy  45  pansant  in 
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th»  imtm  ■■i|Jl>  taus^  fear  fl¥»  ymn  ocsimad  to  61  pmvmit  for  tha 
•■rliflr  w^ds,  ttlttom^  ncv  C3ir  tta  lotvr  an^ple  xvtmrjKl. 

0  SUKirl^  xwftm  d^i^dad  en  wtojact  taug^  id,th  diB&istriF,  ft^sicB  ariS 
fa«ii|P  UngaugB  imdtwn  haviire  hikvI^  rate  of  40  pmmt  tioisu^  eXtrai 
yMKa  and  alcnflntacy^  ^pidal  adUaUcn,  iMtlwlica,  aociol  vtuUaa  and 
ngllMi  having  aisvlval  ntaa  of  90  pnnt, 

1  Omlatxy  and  jt^slcs  hawa  uh  IcMar  xatum  anatas  glvan  an  Intarxx^tlon  in 
taacblug*  only  1/9  of  diasdatxy  and  pj^^sloa  taacfiara  atlU  iMTtauiii  aftar  11 
SMxa  aara  Mtunwaa  umimad  to  aUnoat  25  yaiuail  far  tt»  ontin  coqple. 
Sgbb  ipaclaltiaa  hid  auch  hl^fiar  ratmn  zvtas.  In  uuiUaat  to  tte  chomlstsy 
and  lisyvioa  taachaca*  40  iwiuHiit  of  Ilia  fcsalgn  languaga  taarfm'a  wra 
xaiumaBa  • 

o  Olf teantlal  auKvival  zatao  for  dlf taant  aii^ect  afsaclaitlaa  had  a  w±i 
laz^  epniad  for  ttiA  latar  ooliarts.   This  la  prirarily  dba  to  oartain 
fUrays  Uka  ciiaad£txy/)phyBl08  having  autstattlally  lowar  survival  ratas  in 
Ilia  latar  oohort* 

o  TaachaiB  antsrlng  the  Michigan  system  were  much  aoro  likely  to  stay  if  they 
antanad  at  a  later  age.   Taacheons  entering  at  32  have  a  7.f^  penuant  higtar 
pnijj^lity  of  staying  five  years  than  one  antarlng  at  age  22. 

1S»  authoans  point  out  t^at  the  tim  period  for  the  sialysiB,  a  pariod  of 
zapldly  declinli^  anrollsnant  and  in^untazy  taachar  tazmlnBtlons,  may  make  any 
zaaulta  not  general ixabXe  to  other  stataa  or  time  periods.    In  fact,  the  large 
vadaticn  In  aurvival  rates  ty  oohort  ahous  that  taucher  Xayc^f  s  my  have  had  a 
large  impact  on  teacher  aurvival  ntes»  Iheee  xacult  nay  change  c&zring  timee  of 
ttpandlng  enxollmnte*   fietNean  1975  and  1^5,  anrollnents  in  Michigan  dmpped 
ty  18.5  pcroert  oaqpazwS  to  11,8  paiiataa  natlcn-widB*  Michigan  had  tfUu>y 
outnlgrBtiGn  teands  ikiB  to  the  poor  aconony  in  the  auto  IndL^tcy. 

lEhe  Hichi^pin  zvaults  nay  rapxaaant  an  sAtieuai  condition  in  a  school  eystan  of 
rapidly  declining  anxoUaanta  and  poor  aooncniic  oonditiais.    Ihe  affacts  of 
■alary  m  aurvival  nay  be  particularly  aapyltlva  to  the  praeenoe  of  thaae 
ocndltionB*   The  declining  amollaants  put  paaaura  for  teechar  l^offs,  txjt 
layoffa  would  be  nde  difficult  ty  the  poor  aconcray.   Ttis  it  ia  liloaly  that 
taa^ier  unions  end  school  districts  iculd  trade  off  job  security  and  salary 
inonaaaeB  in  ihSs  pariod.   tlhaae  tradd-offe  would  mate  neasuranaent  of  the 
aifecta  of  salary  sKtxvsBiy  difficult. 
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tmOmm  «  incfcadnnUy  tetter  liilte  hi«h  •cteA  twohm-  M|MjUmy  IteM 
in  floisn  and  ■rti»tio»-  an  mn  ottm  malm.  It  is  Siwtant  to  acrt  cut 
SBvlvsl  tmtaniat  fey  both  gvite  mnA  apKtaity.   Ttnir  XMulti  flhow  tlwt 
tbMi  ebhcrts  ^padalty  iycdflc  «ffwti  ctangt  MdMly  If  gnln:  1b  ImiuM 
In  till  mlymia.  lf»  xMultx  ghm  th«t  tolfi  gsite  nd  ags  «t  «itxy  Inflimo 
first  tMChing  ^pnU.   tang  mm  hm  ttm  tatwt  iptU  of  flzvt  tMbhii^ 
foUCMSd  by  yews  man.   Botiti  oAaiflr  (>31}  md  «nd  toman  trnm  th»  loncpost  Cixvt 
tMcMiig  ivall.  lf»  pstaportion  of  tMc±m  vtiXl  omtinuoualY  ptiaa  after  12 
yamrm  of  tncMng  is  ag^adMtaly  30  pmant  for  youngi  fioBsn,  90  psicsnt  te- 
young  wan,  60  pmant  far  oldv  van  and  «5  psoant  fbr  oliSar  moan. 

^sppacaOsmMy  30  paroant  of  taactas  wlttk  an  inb  xxtiTtlon  zvtum  tD  tSKiiinsr 
aoat  liithin  one  ifwr,   Thoom  xstum  rstaa  sk«  sli^j^y  Idss^  far  ymg  noEDsn^ 
but  thaos  ntum  rstw  db  not  tais^ficantly  af fact  ttw  dlffaimtiais  in  tte 
total  survival  z«ta«   tha  apadalty  apadlfic  sffaota  aantmilng  for  aga  and 
gmtar  tfm  that  c^tanistxy/lptiyslGS  taadters  hov*  ni««adly  lonsr  ocntinns 
aurvival.   CbntlnuouB  survival  rstao  thiou^  12  yasra  fts-  s  typical  youc^ 
taiala  pTiyBios  taactar  is  a|i|smiiaBtely  15  panaant  uunjaLSd  to  ?A  pasomt  for  a 
similar  alamentary  taoctar.   BdolGgy  snd  ssttmatics  fanals  taaclMrs  tm^m  25-30 
psroant  survival  zstas.  Maramar^  chamistzy/jEtvaioa  tsachsra  hsvs  such  lower 
vatum  rataa  (13  pszoent)  aoDBtaisd  to  Slssuntary  (32  paroent)  snd  mthamatlGs 
(25  pazGsnt)  or  biology  (24  panaent)  tmifiesSp 

Ihis  analysis  ahcMs  that  it  is  sswitiAl  in  ths  aialysls  of  adsnoa  ti^ma  to 
inolu^  gndsr.  Hass  tte  sffaeta  of  Ita  ^ssdslty  Msrs  unteMtifi«tad  if 
gmar  is  not  indudad.   this  is  fi»  to  ths  fact  tliat  soro  scisnoa  taachara  ara 
■an,  rniA  in  thaaa  data  san  had  hl^wr  auivlvml  than  Moan. 

mf famoaa  by  i^MCialty  ass  lypathaaLisad  to  ooour  baoa«  of  mf faring  outaida 
aags  cpportvnltias  of  dlf ftesnt  tsnam  of  tsadiacs,  Itnaa  isvUvlduals  idth 
sdantlfic  or  aaUiawaUoal  aicllls  uaually  hsvs  hl^^iar  outsida  opparlwitlaa 
than  do  othar  taactas.   this  pattasn  tmSa  to  bs  oonfimd  for  chnistzy/ 
Shysifis  tsschsra  and  biology  taachsn.   tar  instanoa^  pl^sloi/dMlstcy 
gradUatss  axs  aacng  ths  hl^isat  p^  of  ocaiage  graduatsa,   iMlla  biology 
ai^lora  do  lass  sail,  althouQti  atlXl  bsttat  than  lisanltiss  sn^jcra*  Survival 
ntss  for  diffsmt  tsschar  typas  saam  to  zwflact  tiissa  outsida  cpportunitiaa* 
MbNsvsr,  MiJMmtfna  naijora  slao  Imrm  hi^  outsldo  qpporbsUtiss,  but  thaix 
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asvivvl  ntM  In  Mdtigm  Mn  Mona  tti*  httfiHt.  A»  polntid  cut  tixMm,  tlw* 
tfiftemaM  on  te  msOmirmd  only  by  m  ttevy  of  tMdiar  cttxlticn  tM 
inolute  prateBfoml  oandHticm  of  ooim*  mA  ncmwranUw  xMonSi  and/nr 

poMlhllity  of  diftenn  wLttOn  th»  pemiotto  of  —tNwMit^ai  tMctm 
(•.fl.,  «MMn«XyMd  mftenov  in  Iomt  ondi  IMI  wtmtlOB  oewm 

Hacth  OBJQgUm,  Tfm  analysis  of  tte  Mcth  CtadUna  data  (Mmm  and  OOaov 
1968}  la  taia  wat  ai^tloua  and  xalavant  attaoipt  to  aaaaun  p^r  attKta  to 
tMcNm.  Thaaa  raamta  mt^  ba  acn  gmnllabla  than  ttaa»  finoi  MdHgin. 
Mfactti  OacoUna  liad  naltlwr  laatya  aramaaant  telinM  nor  a  &:aaUoaUy  chvvlno 
aocrav  af te:tad  tax  xvvmaa  taMtto^y.  ftorth  OnoUna  My  Da 

■on  typioal  of  ottwr  atataa.  a^padaUy  tiioaa  atataa  with  gcoNing  populationa 
^wia  tfMAtagaa  ara  aara  llkaly  to  ooour*   In  addition.  NMiatial  Itaotnr 
Soadnstion  (mC)  taat  aocm  data  nam  avmllibla,  alloiiinp  to  aooa  aawaaanwit 
of  tlw  af facta  to  ta^tea  mth  dLfftewit  lavttla  of  auuuaap  in  tMng  ttai 


Hia  ijalUMW  fzoa  Bls|sXa  mnvtval  data  in  tiasth  OuDiins  asa  nimllsr  to  tteae 
fomS  in  NUhlgan.    In  particular,  aatteatica  taacfiarB  in  Hearth  OttcUns  also 
hava  significantly  hlghtt*  ttirvival  xatas  thai  physics  cr  ^mlstxy  taachors. 
Ubing  fixst  taaching  ipall  as  tte  prliray  varlible,  tha  rosulta  daaling  wilh 


o  1^  insaaaee  had  a  atatistic^ly  oi^ilficant  af fact  en  attrition  and  a 
diffaranUal  affaet  on  thosa  in  tha  ^:par  and  lowar  ^lartilas.   A  $1000 
raiaa  in  pay  in  uuwtaiit  1967  doXlaia  would  Incraaaa  nadifln  duration  of  tha 
initial  atay  in  taachlng  ty  2  cr  3  yaara*  HoNevar,  thia  affact  ob^utbA  to 
cciiaita  antving  in  tha  aarliar  1970'a  dadinad  to  latar  oohorta. 

o  F^r  mt^etm  ymem  lasyar  to  lONar  afalUty  taactoa  than  to  hi^ma:  ihlllty 
taKhara.   Pay  af  facta  mem  insnaxinately  30  panant  laaa  to  taactes  in 
tha  i9par  quartila  than  to  loMar  guarma  taachara* 

o  Itwa  la  aoo9  Indixact  avidmaa  that  hlsfhar  aalsxy  la  psovldad  to  oenpanaata 
to  pooar  aoslcing  oanditlxm* 

o  Ryaioa  and  chmiatxy  taachara  had  tha  lONeat  aurvlvml  ratae  of  all  types  of 
taadhara,  witti  biology  «d  gmoral  acd«noa  taachara  having  acnBuAiat  Ic^^ar 
auzvival  than  ovanga  taKtea,  tut  nthanatica  taachara  had  aiovlval  xataa 
at  or  afaova  tha  avaraga  taa^iar. 


taat< 


pay  and  ability  di 


IndudD  tha  following: 
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%mmm  «t  wlwUfitrntay  fdistm:  rate  th«i  thoMi  in  tta  tatton  ttow 
««rtuw,  ftnttctMS  CDRtdimKM  uvin:  ntM  far  biology  imdtm  10 
yMKs  aftat  «.vtzy  «m  mwiwiiUily  17  pmnt  tor  Mppn:  guartila  «1  38 
parent  tor  tfis  icmt  ttacM  QfuartUav* 
o  llQwin  and  MttMitloi  tni:lwii  had  10  fmr  uvlvsl  nlw  of  <iip«lmtoly 
ISpnomt  ooBparad  to  «nind  «)  pnant  te  all  hl^  sctaol 


apMRholts  and  fi^lia  (1984  zwIm  of  xanarch)  fcxnS  ttat  taaciw  attrltlm  im 
memt  xvUbvl  to  tta  oondltlona  undv  iMch  taactara  wdc.   ^adfloauy  tv^wr 
attnticn  la  atrongly  affactad  ty  ttaaa  conUtim  tlwt  wtfaEsim  ttM 
taaadma^a  fixity  tp  d&  an  affairUva  job  of  taacMng*  Salariaa  «m  gmniiy 
toaid     te  A  algnlflnnt,  tut  laaa  iiqpartant,  tetor  ocntniutliv  to  tha 
attarltlan  of  thaaa  ito  had  alxaa^  antmd  taachinp  {aaa  alao  O^wv  «^ 
ttitctiaaa%  1982;  BnOman  at  al,,  1983;  Utt  ml  lUdc,  1983).  ISm, 
to  liuaajk  taactor  natantiiai  <-<-«nd  at  laaat  indlxKtly 
me     taat  tac^ftad  tMcd  polidaa  that  ft^^mv  taadwa*  i^^HSdap  oo^ticM, 
ntter  turn  juat  tow 


nm  xiMraniiAial  oan^ticns  imdar  Oiioh  taaAam*  MOck  as%  uniqua  In  nor  ways. 
91V  J»va  paculiar  zamnfe  {a.9.  acsking  irttft  yomg  puo^m,  aumr  watlov, 
and  nlM  wiUi  ontzacta},  ctawtedca.  mJ  diaadvwAtagaa,   Itoadwra'  zifsocix  of 
tt«lr  wvfdJV  oonditlana,  ^pacifically  on  tha  zaoam  th^r  lm«  laft  (v  Ima 
oenddiqcad  laavin?)  tmmMng,  auggaat  that  taadwr  ziatanticn  ooOd  te  lii«xRivBd 
ty  dteigin^  oartaln  faatmaa  of  tte  taacter  icx1q»I«3a  mnd/ot  taaoter  job 
Mfponamuitlaa. 


Oia  aoisoa  of  date  on  tte  meSdng  condltin  ttet  taartara  flnS  matiaf actcsy 
OQHa  froa  Ite  MMional  Bdsatlon  Aaaodatlon  Suryay  on  tte  Stat&tt  otf  tte 
Fkiblic  Sctool  Itecteor  (m,  lfffl7},   Ona  quaatlcn  on  thia  aisviy 
"Vsat  la        faaaml  poaltion  aa  a  taacter  Idatea  you  mt  in 
pmidlag  tte  teat  asvioa  of  liiicii  you  ara  o^ifalar*  Ct^panbla  dtote 
ODUacted  in  1976,  1981,  ml  19^  zavml  a  saaarkably  oonalatwt  aat  of 


IpUoa  and  attitelw^  tedk  of  wtviala  md  xmnnM,  iMuy  iiockloM»  nS 
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metcm  ■■^■■iwlTinitlw  aod,  in  tte  Imttm  tMO  "smn,  lack  of  Aadbi  «d  dnnt 


lh»  Utt«r  tMD  (iW  «1  1^6)  «2w  difte  to»  1976  In  that.  In  both  of 

nmm  Uttv  yma,  "hMvy  noddoid  and  «aBtn  sMixmiMlltlM''       tha  nt 
fIrsQWitly  Mntianad  hinftcwm  to  tMcMn0«   In  f«ct^  the  wnv  uvmr  iivM 
ttat  th»  wwiTiici>  nmtmc  of  tmsqpnstad  hcun  tt»t  I— chiw  ^(mS  cn 
:  «ohool-m«tad  activltiM  Incrgi— r1  cmt  tuo  Inn  pv  HMk  £c«  1976  «d  1981 
to  1986.   This  flndiiig  auggosto  that  tht  «AJoatlflnfll  rsfaaca  await  that  bagan 
In  tha  Xato  197te,  mth  ita  anji^T  cn  atudnnt  taatlng,  adtelnifltzativa  oontrol 
ctf  taacMng.  nl  «ljcatloial  aocountabUltye  has  bad  tha  tnlaairrtjla  af fact  of 
Incsraaaing  taarham*  "Uarioal"  bunSan* 

Othar  aurvaya,  aa  van  as  Intflsviaw  Oattm,  oocxubonta  tha  firavalap^  and 
aamlty     this  m^tlv9  aspect  of  taachara'  aocK.   lha  iMxopoiitan  Llfa 
Suxvay  of  fteraer  Itechara  in  Jtarlca  CNotzvpoUtan  Lift,  Hmifl  and  iModataa, 
1987),  for  am^la,  fbinS  that  tha  iaost  oonm  xaaam  «p(-tMtf«ra  gem  fco: 
leaving  taachlng  aero  IrMdoquata  Carles  {60  paanoent},  poor  wrklng  uniditicns 
(36  pazoent),  «nd  atudent-  and  adtolniatratos^matad  problfln  (90  pmxnt 
aach).   Among  ixsrking  cxnlitiGns,  ncnteachlng  duties  and  pepanrok  aaca  tho 
fBoot  fia^iently  mentianad  incixseraents  ta*  leaving  teaching.   OxifKable  xasults 
waxa  xapcrted  fcxr  taachoxB  Mho  h^  ocraidsnod  or  aza  ccnsidsrlng  leaving 
teaching. 

Finally,  Oatn  at  al.  (aarly  1^'a  undated)  anductad  an  intezviav  atudy  of 
teacivra  in  Dado  Qwty/maml  achoola  in  FUnda.  Although  not  a  natlcaiaUy 
xapiaaentative  aa^pla  of  taachezs,  tha  data  axe  stiia  infcacmativa,  alnoo 
lanjiiMlBnla  axe  mt  oanstninad  car  othatwlaa  bleeart  by  a  pondatazained  eat  of 
rurma  cptios.   In  thla  atu^,  taachara  liatad  tha  tolicwAng  factonr  as 
tteea  that  diaoouraged  thvn  tha  mat  fxoa  naaaining  in  teaching:   atudant  leek 
of  BX7tivatl€n  and  patent  apathy  (Oiic^  taachara  often  partaaiw  aa  causally 
xelatad),  ertf  a  ic»  of  prafeaaional  atatus.   ttm  lattar  m  a  catch-all  far 
tha  foUoiilng  factaa  *Wch  ii^sedad  taachan'  efforta  to  fmrtlon  aa 
in!hpmtet  aaparta:  incteaaed  p^erwnrk,  with  a  eilaefjiiit  dacOina  In  tlire 
avaU^Oa  fear  iratzucticnal  pls¥ilng,  loaa  of  autcnoay  and  daoiaion-ffitfUng 
oontnxi  (largely  due  to  Uvanaeaed  oantxml  office  oontzol  cwr  inatnictlcn),  and 
a  loaa  of  public  xecpact. 
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iy  nalogor.  If  tta  msklncr  conAltiorw  ttat  t— ilm'w  diAllloi  oontriUite  to 
tMcte  sttritlan^  than  nvm  oandltim  that  ttay  liloi  cm  wintodaa  atttltlav 
or  IMp  to  oauntanot  poor  mking  condltlaw.   Tm>  tmm^  era  vtfUmit:  m 
iwm  itoMi)  iMcii  ttltfo  «iiar  tM^Jma  ttpot  Uetan  that  talp  ttM  In  flialr 
tncMnii  «MartB  ml  m  tmdtmn  CbU«ga«  ObUatsU  UniwnHtY  (XtfMlt  1962} 
mmm  of  nm  %c)c  aty  taaetim.  Hit  lattvr  Mvay,  alttvuc^  not  uaiiig  • 
ngsmmiAMtlvm  Mqpia,  haa  tha  aAmtaga  of  uaingi  n  inccnatxmlnad^  qpan-andM 


ftiB  m  data  W  Mivcta  of  taaohixy  mkIc  ttait  ara  «oat  haOpaa  to  taactan 
maalad  fairly  omiMwit  naulta  for  1981  and  19B6.   Xn  bolfi  yaan,  tao  erf 
ttia  thm  aoat  isipoctant  factova  «m  Intnat  in  cfiilAcwi  m  taadilnQ,  and 
OPq^aUw  and  ou%wUnl  tMctar  ooUaaguaa.   Halp  ton  ailttiniaUatoa  and 
^paolaliata  alao  mtad  hi^  in  t»th  yaan*   finally,  tta  tiadiHr'a  txminiiv, 
adboatlcai,  and  knoHadgt  of  aubjaet  aattoar  aaa  alao  vlaMd  aa  a  halp,  aa  im 
tlia  achodl  awiiuwit  and  finaadon  to  taach**.   Siadlar  ftotora  wan  alao  nttf 
Mg^y  in  tlia  1976  awiwy,  alttou^  ttia  onte  of  iiayuMaw  dlf fanad  wen. 

"ttm  Trndmsm  Qdlaga  wmy,  anninlng  ttia  factora  i4>lch  ha^  tapchare  maintain 
poaltiva  amtudaa  about  thair  ^±a,  found  four  gmzai  "aubtiMM': 


o  tlia  firaaJiiii  to  ba  cxaativa  and  imvatlva; 
o  tiia  ability  to  influanoa  atudanta; 

o  opporUiiitiaa  for  ncoTiition  nS  aiffort  fsm  studtanta,  oollaaguaa, 

adniniatscatorat  and  paranta;  nS 
o  oollagiality  and  nm  ttmvixig  of  ao^artiaa* 


Itiaai  awvaya  atggaat  that  tiia  ^loiflng  changM  in  taadiesv  tasking  oondlticns 
m»  liloaly  tr  naip  iraduoa  taaohar  attriticiv 

Ai^tnialAaLlva  atTprirt  and  buffatlng*  Hia  mMffpost  of  ateiniatiatma  ia 
oMoualy  cxidal  to  imadtmcn  aatiaf  actio)  with  ttwir  job.  nm  wcvay  data 
allow  that  aL>"  niaLialma  can  ba  cm  of  the  baat  nS  am  of  tha  worat  faaturaa 
of  taaciwn*  mfc  anMlxoraHnt.   Adniniatratiw  ainxst  involvaa  sen  ami  Juat 
poaitiw  aqpicyv^«^>loyaa  zalationa*   It  alao  imolwa  what  la  oononly  knoNn 
aa  "buf faiin^f "  that  ia,  activa  affoita  to  atoetura  tha  achool  anvimnsit  to 
■awiiniaa  taachazv'  canpcrtunitiaB  «3  Ability  to  pcwids  affactiva  inatzucticn. 
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9m»,  adMi.iatzirtlvv  nnKxt  •livMtw  cr  ■IniMl—  wny  of  th»  factm  that 

ct  Mlaclftla).    Xt  also         lw  and  mmngm  ttVM  coidlticM  ttwi 
tMCtm  find  «vt  vMidina  in  tteir  «nQn9  to  ZMdi  stuteta  (tfiqust* 
*;k«|mitlcn  tte»«  olarlota  K^pxt,  inlntaRV|ytid  clani  tlM^  olMar 

A  oollaqll  iCBrti  wAxwHyni,   CbUvipun  «  nMr  ymxmlvwA  m  m  InAsmnt 
to  Imam  twirfiing,  but  tiMQr  «n  usually  vimmA  m  m  paaitlw  faatm  of  th« 
MzkiiiQ  Mivi^  '^lUBil*    In  fvt:,  uiiwi  xvaaazctan  nsta  tiiati  aDllaylal 
ndatiairtapB  alao  ctmactatlaa  aiffactlva  mtioblm  (LltUa,  X^m),  and 
cxnix'lbute  to  taaciicr  af  £lcacy,  a  pstlaa  <9Man9lnant  of  taactar  aa^iffCactlon 
(iloaanhaltK  ml  aoylla,  19S4}, 

Xn  qollagial  aattlnga,  aavoc^ianoad  taactara  pKofit  finao)  onsrtunltlaa  to  aaauoa 
nsN  ctialXangaa  and  laadwMp  xDlae^  itiUa  Imm  aaparianoad  taactan  pocofit 
fcon  ttvi  tadhnical  naistanDB  pocmldad  toy  thair  wtaran  mllaafliiaw  (Roaanholtz 
ml  Sb^Ub.  I^;  tialbarg  and  Ganoa,  1^;  Aahton  at  al.,  1983}*  rimm 
C|TK3rtmltl*'  for  loadorGMp  and  prc^teslanal  vaoo^Utlai  van  to  anham  ttia 
ratantlon  erf  afft^ctlva,  «q?«rienoad  taaciwra  (Itaaanhciltz  and  &svll«.  1984; 
a««nm  mS  Hutchaacn.  1982;  Stuk  •!  al.,  1^). 

BpAicin^  a>it>aiaoua  nontaachlnq  ^^jtlaa*   Itachera  obvloualy  ai^}oy  taacMng; 
ADSi  of  tHoL  *  BDtivartlGn  for  aiitaiXng  and  xsoalnliig  in  taaching  mnan  fjiuu  tte 
Intxinalc  aatlafactlan  thay  find  (Hmteltac  ml  a^Ua,  1^).   THm,  taviiarB 
wa  dlaooxragad  by  wKklng  oonditlona        nduoo  itm  tim  for  taachlng,  ndjoe 
itmlx  ability  to  "jtaach**  atuSonts,  osr  IncsMsa  tt»  anount  of  nonteachlxiQ 
dUtiaa* 

HiKlmlxlng  tha  ttea  ttet  taaactes  can  apand  teaching  iMla  mlnlnlxlng  ifm  tism 
that  t^iay  apmS  In  nontaaching  taika  la  thacafosa  a  likaly  way  to  anoonraga 
tavtwa  to  zanaln  in  tte  flald.   Sana  My*  pf  Incsaaaing  taaohaca' 
cansortiailtlaa  to  f&aictlon  aa  taachan  ,«jvaudc:  tiia  hiring  otf  wcam  aiinxst  ataff 
(taactea*  atdaSt  darloal  and  aaciaLaiXal  staff)  to  aaalat  taachaza,  xaAicing 
daaa  aixaa  and  oouraa  loaJs,  and  alisdnatln^  aartmoua,  ovar-lwteiaaBa 
aoocAaitiblllty  xaqulxaaania. 
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tM         iiW  pMT  and  public  mvaot  la  dlzvetly 
Sttlitad  to  tMctwr  ncnUtewt  «S  zitaitlai  iBtellnH  nmid  md  MJten. 
1M7|«  A»  ibiUty  to  attnot  iod  xvtoli  InillvlAaaa  with  ImOfl^  of 
or  ■itlMtliJi,  is  alzanQSy  iitflunid     thm  matlw  sMw  of  tMctili:^  via- 
a-ida  Msm  ooo^atlm.  itacteo  m  •  lainfiiiw  am  partiailarly  aanaltiw 
to  ttair  cm«Ht$mi  atotua.   asforta  to  mimwm  Urn  cnoivatlonal  atotot  of 
tntfiaca  mu  awa  m  a  atrang  IrrtiiMil  Sew  nm  zacauLtamt  of  hi^tHy 
c^pMa  toaohn  and  te  thair  ultdwto  latoHUiu 


iHiifaanUiml  iliiialcf  it  axa  alr»  cxltiaui  in  tlw  vatantlan 
of  aolanoa  and  MtlwatUa  toactoxa.  ItiM  on»tiatl«a  incOudi  Imv^ 
dito  4n  toa  adanoa  or  wthmtioa  fiald  of  totching  and  In  InsvaUw  i«ya  to 
liilp  atodanta  IaBn.  ftachn  in  aoat  K*12  actvoOa  an  a^MiBiad  ten 

toKWna  In  tHa  aM  iUbJaet  aittar  fiald.   HUa  Itolatian.  m  mU 
as  ttia  dBMndi  of  tfia  praf aaaSm,  rarJldly  xwova  thn  ftm  tht  ourtant 
In  toair  fiald  of  intasaat  In  acteM  or  wtfamtica. 


Sctopl  dlatxicta'  psttfaaalonal  drTOoiront  atfoarta  m  inidiquBto 
Vtot  affcrto  do  not  dMd  idth  aUbJact  r^tlar  «id  aca  of foad  too  inftaqumUy 
to  proAioa  «y  notlOMhia  i««wot.  aucti  sffcrta  aca  am-§hat  imtttuto 

d^ra  (X-  aftor  actool  mrluhppa.   Faw  ciicortinltiH  m  oftecad   :  ttm  mdtooX 
alto  or  aa  a  part  of  toa  icA  itay  of  taactaa  —  oonlltiaiai  ttfMn  fa:  gndtvd 
in  ainy  ottor  pvofaaatcna  and  oocupatlaia. 

met  xs  warn  m? 
Mlicgr  c^tim  and  aoUvltiaa  aalng  Tail— itail  by  ftataa  aui  fidatrioto 


tto  typw  of  poaic^  initiatlifaa  ara  typically  dwaxr^pad  to  lacnilt  and 

xatain  a  auffldant  ntfMr  of  hl^  quality  acdan^  and  mtTanatioa  taadMra 
and  fcff  otiwr  ^ntaga  asaaa  (Hidaon,  IW8}*         aat  of  poUcdaa  attar^ita  to 
iimaaaa  taaohar  aifiply  ^  inoaaaing  tha  irnlMwita  ti  antar  and  to  naaln  In 
taacMng*   Vsaa  polidaa  Indudi  Inmaaairi  taachar  aaSarlM,  toachar  Inte^ion 
laddar  plana,  and  pailuiuaiiua-  laaad  OQE^praatim  plana,  auch 
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pirn*   CftMT  imS6mr  plmm  oCf«r  both 


■rt  of  poUotev  vllfluiits  to  i^pKOW  racaruitMnt  mS  kwv  it-ton 
mMaetm  by  ICMsing  ite  mix  cr  otjfiK-  term  to  twcMng.  Thmm  Includ* 
Icwv       ffwln^ilp  pEopiw,  Ante  ml  |nnii  w  tor  ntzslninQ 
fior  oTtifiortigi  In  limtUtfo  msmm,  altmstiv*  OKtif ioitian  and 
^icntzsdltloml  mita*  fngm,  «9  poilcl—  rtwlgiil  to  Xnw  bBTlm  to 


of  poll/C&M  MKWk  to  IWMA  bOtll 

ho  lattv  Mcvw  05ly  to  ImitooM  ncsultnnt;  it  dOM  not 
(«t  JoMt  by  Isitait)  toaw  toKtar  votKtim.   Hmm  polii:l«o  also  differ  In 
thB  itegrw  to  %M.ch  thty  con  bo  uoad  oo  «i  Inooitivo  far  txarriori  in  otrtAin 
oii>Joct  oroas  wous  ottan.   Otaoraily  ^poikixig,  IncontlvM  too:  toactiOT 
(oftloxy  incantosoo^  pHifuiawpo-bogod       py^m,  inaction  pspgniiB}  B&oit  bo 
sodi  ovoil^lo  to  oil  toac^iorb  Kifiln  ttio  oyston  cf fnrlng  the  IirmiLIvb*  In 
aantmt,  Intu amtta  offorad  to  toatiw  csidldaboi  (Iohrs,  acholar^^ips, 
oltomstlvo  oo.  ciflcotion,  otc. )  an  acsm  oaaily  of foiod  ooBCluoiv^ly,  or  to  « 
fliootoi  degxoo,  oUy  in  ttiooo  subject  anm  Mhone  danand  is  hlg^«tit^  euch  as  in 
ocianoo  sid  MBthojistics* 

Stato  poXicymtfwa  hav9  reeprnded  v^asosly  to  Insoaae  the  ain>^y  <^ 
taoohars,  particularly  in  netihemtios  and  ocianoo,  oar  in  aliartage  areas  vcsm 
iBpadly  defined.   Rxrty^-nine  of  fifty  stBtes  hem  DmsiGtorBd  auch  initiatiws. 
And^  aoot  atetas  hevOf  or  apa  osiaiduing,  Inatituting  noiro  than  ono 
Initiativa*   lha  atatue  of  atato^lavai  initiatlvaa  to  xocaruit  and/or  xatain 
teachare,  ae  of  1986-^,  ia  liated  in  7>ti3la  1  ^  xatraining  lautfi'aMB  are  liatad 
under  financial  aid  yftxa^yiago  and  ncntzoditional  xouto  niu^om  are  liated  under 
altBETietiw  SDutea* 

IlKacuilaant  ^alicioa  at  tba  gtate  UymX  (Sea  W)Ia  1) 


the  flcot  ocemn      thms  initiati^m  axo  financial  aid  pacgrewa  to  tzain  or 
xotxmin  toachBEs.   Ihlxt^rnina  atatae  two  auch  psosprem,  and  an  additional 
thnM  atatee  era  oonaidaring  aterting  a  financial  aid  progrm.    In  28  of  thaaa 
atetae,  fiaids  aza  epacifically  tar^gsted  txMxd  aaUanieUcg  and  acienoe  or 
"rtntaga  acaae*  {«#iiGh  alooat  alMy^  incltjde  aethaaatioe  end  ecienoa). 
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taBl^«bl*  lam,  and  zatmning  ttmom  m^ta  itm 

I  «rf  aid,  or  lultJon  raliNir— uit).  Schcaag^iiia  crogtM  wdst 
►  ccnugm  inte^iiAMtaB  to  «tar  ta«l»r  tx«loli«  mgm;  oftn 

.  ■'**^'^1^y  "M*  ■tudhnts,  or  &r 

I  aRfaKlnB  tMcMng  in  tetags  axaaa.  Of  ttw  12  aMaa  itmt  eStmc 
tmlnlnB  attolnhlpa,  alx  haw  atpnata  MhAartfupa  to 
I  to  «otBr  MthaaaUot  and  admsa  (or  totaga  acaa)  toKliing. 


oomnly  und  to  annizagft  antxy  to  ta«i«r  tzalnlng 
««aivH>l«  Iowa  am  •  partlcMlarly  popular  pdllcy,  w 
ba«twi  omdlitatsiw  to  c«aln  oartlfloBUen  aras  artw  ta^  at 

 •         P»rt°d  at  ttoa.   «<«rt5-alBl*  atataa  haw  &itgl«bla  lo«n 

P»gMo»;  ftaur  tm  xagular  lowi  progmoB  in  addltlai  to  ftsglv^bla  Ion 


Racylvatota  loons  tarn  in  a  variaty  of  Sams,  tte  aast  gonatal  of  «hl{^  Involves 
ttj.  finplviiig  of  a  OBrtain  pnoantaga  (uauaUy  20  petoait)  or  annt  {usually 
01B  saar)  erf  tt>a  Han  fbr  aach  yaar  In  liUch  ttis  xodpUnt  toachas  irtttiln  fhe 
«t*t»-    H)Bt  atata  ftngivi^s  loon  piijtfi.iB  ora  oily  te  ^xa-tajw  acaw. 
Klaww  ststn  have  fisylvabla  lom  ptud^iaua  tai\)alad  te  wttaaatlca  and 

toacfra,  and  m  aOUtlonl  tan  statas  fisgiva  lona  glv«i  to  t»Kiian 
In  *«xactaga  amas",    Saw  atatas  fis^vw  lom  to  taadwa  ito  Mcak  In 
dlatelcta  mat  tend  to  hme  tfnrtasas:  Alarica  anS  South  tollna  fatgivm  loans 
oi  ItaM  tte>  taach  in  xural  diSFtxicta.  idilla  FKslda  foiglw  lome  «rf  ttcoe 
'  zurul  or  urban  diatxicto. 


»n«Stag  fir  zatxalnlng  In  satlMnatloB  nt  adma  i»v  alao  te  glwn  to  latxaln 
WttciflB  tMch«n.  Elavon  ststaa  offar  aona  tarn  of  asttmatics  and  sclmce 
wtsralBUiB  ftmding,  and  an  aHUtianal  ttrae  states  offar  xatialnlng  tmSs  tac 


{j    »i»«i"t    atatm  Dam  altamatlvi  totm  o*  oartlflcatlcn,  vtOsii  ftaxrtlen  ae  a 


bwtwan  fUll  oartifioatlan  «S  onargency  oartlflcatlan.  Biergency 
oartlflcatlwi  allow  a  taactv  to  ntar  tiM  coassrooa  without  the  lunaaiiy 
«i»xfAi»  training.  Uawaiy,  mxti  oarti£lc»t»  ara  ta^nmy  «x)  axa  aUouwl 
only  la  ahcxrtagB  anas. 
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Hlfemrtlw  OMTtigifiticn  i*iMiiWi>   ftich  jkMiotfi—  typioaUy  rm^Oxm  waam 

ORi,  pMBlfn  aan  cn  ovtlflcatlon  tMt»^  •te-  }•  tto  ftiifiiiiwnt  of  n»ctfi«J 
LUii  ■■■Mil  ta  oartmoBtlcn  dstoe  tto  flat  taiyMn  of  tMctHfisr  i» 
xvqulnd;  tta  ^p>Pt«c  xvqMizmntif  haumr,  vny  idiUy  i^con  state  to  stete. 
ftasf  gmmliy  induAi  •a>tf«lc  mVcr  tMtmg  xiQLtlnBflnte  to  xvobIvb  Urn 
Initial  pcovlsmBi  oKttficvte,  and  coutatucafc  and  intanwhlp  xaqulxanta  in 
OEdHT  to  Hiittain  tha  oKtiflcate  and  avantuaiiy  araoaliiv  a  nm  pasnrant 
oactidoate* 

A  nwter  of  inlvanltiAB  haw  lanhad  iMiUaOltianal  taaoher  pcipamtian 

"9  arartwrtr  ^iLugini  to  papsra  oollaga  ^pvAiatas  to* 
tMchtog  ite  did  not  nmiac  in  adUoatlcn  car  taku  tha  naoaassEy  omzvea  fcxr 
cntificatian  as  mSacgnduvtas*  thaaa  graduata  loval  tficyiauM  a»  dtad^iad  to 
i^Rivida  toa  ptdwgLyicml  (and  ottar)  ooiBWwosk  naoaaaaiy  for  ocAlaga  gradListea 
to  obtain  full  oertiflcatiai.   VxogrmB  tend  to  ba  taigatad  tDNsid  saoant 
tfaiLT*tf fT ' "t f t  *f ,  nid-casaar  li'anafaza,  nd  ntinas  (^zay,  MLttafln,  and 
Sarliiig-HKiwnd,  l^}. 

I^MChar  trainlx^  has  traditinnally  not  taan  a  atate  xaaponBibility;  tteoftsno. 
dmloiv^  of  ncxitxadlticnal  taachar  pcapaxatiA  ptoa^ama  hava  tmU  to  bo 
son  of  a  local  lailvasslty/ooUaga  IniUatlw  ttei  a  atste  inltlaUva. 
Itaatoalaaa,  at  laast  twalva  atatis  haw  ooautaKVtad  with  atato  higher 
aduoaticn  iwUtuticra  to  davalqp  auch  pEogrm.   Flsat,  tMO  atatas  (Arizona 
and  amactimt}  tmm  draloped  apacial  taachar  training  piugLaaa  for  raovit 
oDUaga  gw&iataa  with  a  baocsalaunaata  digpcaa  in  m  appaxprlato  aufc^jact  axaa 
flald, 

A  xaoant  national  ausvay  of  nontiaditlaial  taachar  tndnlng  pKtDgram  {Cmst, 
mttem  ard  narOing-^BBnand^  1968}  locatad  64  audi  prognna  nattan^wida 
(ii^mUiv  tha  tNalm  amtlonid  ibow).  ftay.  tut  not  aU,  of  thaaa  pacgEvs 
mtzlot  iRtxy  to  ttnaa  training  in  ipaolflart  ahortaga  ama.  Mbat  of  tha 
i«n-at»to  laotfi-aia  aza  xun  thcouQh  tha  aiteatian  dipaiiaant  of  m  Inatitution 
of  hl«t»r  adratlon,  but  fiaidlng  aomaa  ftar  tha  progran  ara  hl^y  varlad, 
Mith  Bcna  xwaiving  «adm  finda,  acw  atata  funda,  anna  uui^ata  ftaidi,  and 
na  fMHl  maUy  by  tuiticn. 
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ltovlliwpMlgt>Btian  MUdm  mt  Urn  gt»t»  towl,  (to  MOa  1) 

Salaanr  Wllci— .  state  activity  In  tte  su  ai  tMctar  miazy  linmumi  is 
XIaltad     ths  mtm  of  •dbaatlciial  flnancixig,   Ihit  im,  «D»t  atite  sid  to 
locsBl  dUiUiuia  Is  «ltiiQar  ganmi  tmiMtMnjm  or  lisLtad  rin^MMy^-^fi^^ 
^X39cmm.   ItiU*  ^pKlflc  salariM  «ni  tfesiwd  ■ostly  at  tl^  local  iml,  oftsi 
ttm^  ooUactlOT  btzyalx^,  in  ruumu  in  gnna  atuteit  aid  tea  m  InHxwrt 
afftet  cn  inacMaad  aalariaB.   ihat  Sm,  inc  i  anaaJ  inaaanltted  AaKb  can  te  imd 
to  dUvnaaa  tha  aolarlaa  and  braflta  of  taactKB* 

to  m^ta  erf  XinltatlonB  m  atatt  pnlicAaa  vla-a-^  local  r^^<^*r  ml 
ooXI«»w  faax^ainijig  agracraentB,  m  incxaaalng  nutar  of  atatas  twm  aet 
atat«4dD  sdnliara  mtartirg  aalmrlaa  te  taacfm.   Sana  havB  iistltutad  a 
atatmiilB  aalaxy  achaAaa*   Dilrty  atatas  hava  atatoNida  nlnlAua  aalarlm 
<thaaa  arm  voXwtaxY  in  cna  atata),  and  19  artatao  Imi  a  ststaMlda  saleiy 
■cta^Ua  (DmrlinghHssmnd  &  Barxy,  1988).   Soae  of  Ite  lazgast  salasy  iivxwaas 
hava  baan  in  anitteBstam  states,  «tierei  teajraia  hava  hlatxsicaXly  torn  ttm 
laaat  i#0ll-pald:   Iteas^  North  Osrollna,  Oklatana,  Gtasgia,  iMabna,  mS  South 
OupllnB  hBv«  incxBasBd  taacher  aalarias  by  ombt  20  pextmt  batNm  1983 
CDBrling-Hnaand  ft  BBn:y,  1^}. 

feUdas  r>alatod  to  the  nwrfeaBjonal  oanditions  of  actpols.  Xn&jctlcn 
piuyia*;,  %#iU0  not  as  prolific  as  acme  Initial  arettuitroant  iinmUvw,  can 
ptpvldB  a  calculobls  c^unga  in  the  taacte  Buoply,  imrticuiarly  in  laxge,  wtan 
school  syslms.   iMa  Cfawtty,  n>  tsttll  xwent  xafcsn  efforts,  lost  nsarly  50 
pan»it  of  thsir  beglming  tBachsrs*   SimUar  or  worse  storlas  have  ham 
fJtosprihed  in  other  urban  districts. 

Mi  incm^Ting  nuiter  of  artatas  have  or  arp  oonsi  daring  iqplaEBentlng  aoo^  fom 
of  in&ctlon  {aogrva.   7t»  usual  auch  pragEHKi  is  an  intern  or  switcr  teacher 
program,  involving  r  loaa  oocperstlon  batwaai  ttm  naw'taactar  anS  a  oazafully 
aeiactad  exparlffioad  taachar,  Oio  psx^/iOm  muppcst  and  aqpeivision.  SoB»tiJies 
the  nnntor  avalustas  the  beginning  teaoTMr. 

In  aotse  pocognans,  the  new  teachm-  cannot  be  fully  oertlflad  wit^vjut  piling  an 
•valuation  (or  aerlas  p£  avaluatlons)  (firing  the  initial  year  of  ta^ihlng.  In 
olhar  pcograna,  the  avaluatioiCa)  aarves  only  aa  a  sMna  for  1±m  navioe  to 
xaoDSpica  and  address  defldandas.   In  25  atatas  anS  the  District  of  Ooliirtjia, 
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iiMtatflm  jjLLyii^i  mem  In  cpnUcn  or  taiDB  pUoMU  Six  mMitum  statas 
«pi  oanaiiaaiitg  iiyl— itljig  mam  fam  erf  iiActim  iro^pm^   Mbta  tMb  an 
aASitiomI  two  «taftw  lira  Bintar  tMctar  p:ogcm  m  pvt  of  •  caKwr  ladter 


yay^fljinifLMBf «   Ita  %M  of  ymfiaMMr«  atnlBA  m  •  bmmlm  fior 
ooBVinMtian  baa  tan  •  pqpuUr  activity  Aaifi^  ttia  190Ov  (PrXliiyliauujiit  ft 
Mciy,  1968).  Ulan  plana  hmm  tatan  aanar  taiau  InoXudtna  Msrlt  p^fr 
inoanUva  p^r  and  aalasy  Incantiva  aaaodatad  vlth  oaKaar  laMH:  or 
iMatar/^mtaor  taadiar  pxogctom  (or  vna  mtiinatlon  of  ttiaaa)  •  Stataa  ttiat 
tmm  an  induction  pcogrw  t^iinaUy  Iwa  aoaa  aort  of  tao^tiacad  oaiMr  ImMmr, 
mm  witor  taachaora  ara  uaually  paid  aatata  fior  ttelr  aarvioaa  in  aanlitti^a  tiia 
ba^iiviin^  t]aaohar* 

Pmgrana  tnat  raiaa  Hia  financial  im^E^  for  ttoaa  ito  dnwtxatu  aaBW^axy 
taachinp  anTima  tha  quality  of  tha  taachina  fixoa  fcy  Midng  taadiing  a  acn 
avpiaUng  long-^axn  oasacr  choioa  fbr  aall-^uaSifiad  taartiara^  saroiar 
altw^vla  At  inatituting  aucti  plana,  in  ttai  191J  and  l^SOa,  xan  into  nany 
paofaOana  idth  is«.Imntation,  pamoularly  ttia  iaplapanitation  of  taachar 
avaluatioi  plana  (aaa  Oariing^^«mcnd  &  Baczy, 

Aa  of  \9»,  tiiirty^ttaaa  atatas  tmA  at  laast  oonaidmd  agna  focia  of  pay 
Ino^;^  va  or  pay-^or-parfdnaKioa  plan;  21  of  thaaa  tiava  a  pXm  in  aCfact,  flym 
ara  piloting  a  plan,  and  tha  nsaining  aami  Iwa  datainad  initial  funding,  car 
ara  atu^ing  the  iaaua.  Moat  of  thaaa  inoanUva  pay  plana  arB  oaraar  laduAr 
plana;  'terlt  pay**  appaacs  to  tmrn  bacona  taixao^  at  laast  aa  ao  laballed* 

Sca»  artxbaa  tava  alzMdv  §imr±xmA  aant  taadiar  pcogm,  altiiar  Aia  to 
£lMneial  marUaLnia  m:  court  oaaaa  xmlatad  to  avaluatlon  or  aalaotion 
prooaAsaa.   norlda*a  oaxaar  Saddar/tarit  pay  jKognai  aaa  ttwoNn  out  in  atata 
opurt  and  a  aUbaaguM>t  oamar  laddar  pedsf*^      «iaBtad  Iwt  mmr  fuidad. 
nraa  atataa  abandenad  aijailar  naugi  awa  xanaiinlKi  by  atata  taak  fmaa  bate* 
ttav  ^mm  iMfilmmcM  —  Mnaaa,  Naina,  and  maaiaainxl.   Haw  Janay  alimlnatad 
m  oanar  laMai/ailt  pv  ^ogram  aftar  initial  avKlamtation.   nana  for 
ofsaar  laddar  prograna,  or  a^mion  of  ptograna,  hmm  baan  fman  in  six 
«tataa*  Ihla  pattam  ia  part  of  tiia  hlatcsy  of  aixti  affiorta* 


23 


ERIC 


786 

St  im  intonMng  to  not*  9Jm  itet  mm^  «t«tM  with  a  mSstad  pay  inonUw 
plan  aUof  diatrlots  to  ilmicsp  ttelr  om  pam.  nua  aXloNai  diatrictv*  am 
flaaHfaUlty  in  tei^iing       pngm  that  fit  ttmlx  vhkwom  mS  diatxlirt 
pnmtlaa.   Uxaal  plana  alao  allw  taactan  to  tmm  tm  Iximt  into  ttw  daalfp 
of  thasa  prognna.  A  oomi)  pxCblaB  nitti  paat  piiyi^ai^  %m  tte  lack  of  aich 
iiliit;* 

laalwia  of  macuitit/llattim  ^pAidaa;  Bfclaty  HiUtid  QpticM 

Awmwifcia  to  toOPMaina  taaachar  i^.  matorScaliy,  tMdw  aalariaa  tws 
fbllMd  txmAi  in  too  toachar  litor  Mrkat*   ila  mntlaned  pcwioualy,  xaaX  pay 
tor  taactiara  xoaia  in  toa  1960'a,  fall  drmticaUy  in  tiw  1970'a,  «x5  oansri  to 
rlaa  again  In  too  nld  1^'a.   thia  izoaaaa  in  tlw  1980'a  xwultad  pertly  ttm 
20  atataa  ite  nlmS  p^  far  bagimlng  toachaca  U.a.,  tl»  ialn*iaaa  atartlng 
aalary  to:  toachera)  an4/or  all  toactea.   m  «Ultioml  too:  atataa  tiava 
zaaoBDandgd  or  an  oonaijteixig  zalslng  toadiar  pay.    Pto  atatw  zalaad  taoAai 
W  •croaa  toa  teaid  and  Imaaaad  atarting  aalariaa.   Hmavar,  w  atatae  aia 
aaaking  to  aavalpp  altemativa  pay  policiae  toat  ara  mt  ai^y  acsoaa  ti» 
toanS  pay  niaaa* 

l»Lluui«nua  and  gaaponaibllitv-faaaad  oagpanaatim  pEcgr^w.    In  swiy 
ooa^paUna,  wtter  ooRponaatlan  la  taaod  in  vhola  or  in  part  ai  actequacy 
of  toa  ukarv'  parfouuaijue.  Mast  typically,  am  oooblnatiai  of  partouttve 
and  Job  rtBponsibilltlaB  datannlne  oo^msstian.   Iteiiii^  ikaea  mt  opanta  in 
tlHaaannar. 

Iteciiing  haa  baen  ctocsibad  as  a  "flat**  oaxaer.   T^xlcaUy,  scat  tuctes 
partooa  tot  am  taste  and  raoalva  tha  am  pay,  wito  inaramto  in 
ooqpanaation  baing  xalatad  cnly  to  yaara  of  aa^wianoa  and  adnticml 
tedqgnxaid,     Itachara  hav«  i^t  cppartwltiaa  to  advam  In  tte  flaOd  of 
aAntion  Mltimt  laaving  tha  riaaiiur.in.    Piuiaaiad  '^'^ynfttlm  tm  additional 
ditiaa  ooon  tor  ttaaa  toactera  ito  mk  adHtiianal  tvuxa  aa  ooaKtaa  or  ^ 
OBxlailw  ooordlnstpra,  but  toaaa  an  uaually  TtgaiiM  aa  axtn  "Joto"  xntimr 
than  AS  incanaaaad  raipmalhilltiaa  allotad  as  a  xauastS  tor  parfmmsa.  ^ 

ftachar  laiiona  hava  hlatorioaUy  bm  Cfpoaad  to  patfciaMitta-bftBgd  pay  plaw 
te  a  vBTlaty  of  zaaaona,  difficulty  in  judging  aarit,  a  ladi  of  oaniaUy 
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mnm^^  iMElnltlon*  of  oiftvtandtna  parfboMnn,  and  nm  xm&A  to  IncmM  tn^^ 
to  Mtan. 

melt  p«y>   Rigonw  €w«li«tlxar»  of  tt»  tfjteUvmiM  of  awlt  jaor  Pi"  *  not 
«d9t  taMw  Morlt  m  pUra  do  not  wrvivo  long  mui^  or  in  a  oonilstvit 
ftA  to  bo  MnUvfully  mlwtHL   II»o  lo  •»»  mimfi  moAning 
Ito  Motocy  or  MBit  piv  plm,  tlio  ra—ma  for  timir  dUKOtUmanoo,  and 
analifaia  of  ttaaa  that  aurviva  toy  owtmlna  tha  iiiirtM  that  dtatnqr  o^har 
p&OTa. 

H  awy  of  tha  amrBrir  litntwa  cxi  pay^te^-parfuMBioa  oo^pmatian  pUna 
Mim  nmt  fcr  writ  Tpv  snsyrra  to  hokIc^  tha  yai&juuMW  eritvla  on  UhSA 
MOivy  ixsmmttM  ara  baaad  aurt  ta  validly  cvaacaticnallBad  (Itsnm  md  Qahm, 
1966).  ISHa  iA  dUfiaat  to  ttachlnci,  itaa  lha  ^pacific  bahavlsn  that 
nmUtuta  "good*  twhixig  cannot  taa  dallnaatad.   lhat  im,  i^toMvo  taaching 
dvnli  oi  drounataioa  and  autd«c^  nattar  baing  twfl^.   2t  oamot  ba 
ctacaotariatd  in  tans  of  a  uniwaally  ^yilcahla  aat  of  taachlrg  taliav5  m  or 
inctiCM  (liiaa  at  al.,  1984;  DBrling-Hanond  «nd  lUtaov  Mwman,  IM). 

9m  m  xaault,  taachors  tftan  vim  tha  avalusticn  pmoaAna  uaad  in  larlt  pqy 
pOra  aa  iiralid.  Mxaovar,  atlawytJi  to  iafVM  thaaa  ava^iBtlan  plm  (a.g« , 
hirii^  nsm  avaluatcn,  incxaaalng  mluator  training)  involva  adft>.tlanal 
ooata.  Soaa  analyaia  of  tha  ooata  and  affteta  of  auch  plana  hava  aatintad 
that  tha  imtnjcticml  bu^iats  ctf  adhool  ayataqa  acuXd  tmm  to  inswaa  10  to 
15  paatsant  to  aoccwwodata  a  fair  avmluatlcn  ayatan  toaaad  atricUy  on 
ItfUmMC*  — liafds*       financial  xauasda  naia  maOB  imm,  1984). 

Wm%  tte  toitfwvlcn  that  torn  tha  baala  of  tha  pay^to^partoMioa  oritarla 
em«»t     iv«3ifiad,  nm  plan  bmaa  onprniaad.  imOmam'  pKoaLiM  that 
Ji^mt*  m  mt  valid  or  n^iUtaHm.  Wacm,  thay  do  not  laidvatand  hat  to 
iipova  tteir  pvtowioa*   Ihia,  in  turn,  laada  to  hoatlilty,  xaamtMnt,  and 
tomd  amla.  »«tllity  and  jiaaantingTt  arm  mgndarad  tath  mg  tiachan 
and  tjatiioMi  taictea  nS  ■telnlaUatura,  Such  oonditlona  mm  anUthatlcal  to 
actoola'  aftota  to  baoona  ma  affactlva  tsy  davnOoping  adsool-lavrt 
imtxuotional  tiana,  a  goal  of  Biony  xmfcm  af fbrta  and  a  mmm  to  owitoue 
^Dfaaaional  iablatlon,  ona  of  tha  wmjac  v^dbimm  of  tMching  oaiaan  (»miana 
am  CsimK  1966). 
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ait  pKliipa  tlm  mt  an^ging  mHOmnom  ax  Ite  f— itainty  of  dmhOe^ixtg  m 
mttmetlym  «wit  oqm  fron  Mmm  nl  GbNin*s  mxy^  of 

Milt  ««lth  MM  long^ty.  Hm  ii— iiIih  found  thst  itm  plrnm 

that  aittviiw  tvd  to  m/olv  into  oltar  Ana  of  piy  inontiw  pdam  ttet  cmmt 
l«0itiMt^y  te  tmd  nwclt  pa^  or  -pvfonm-taMtf'  pXm^  Slsdlar 
fliidtagp  oocur  In  ottw  aaa^pBtio10  (CtaMp  vt  ml.,  Piof-ftac^- 
fi  fill  MM  Ml  pin  fail  ta  tfift  CoUck^insr  r*M»: 

o        fboEMl  |»qoh9Li«b  UMd  to  «valu«t»  t— rhMPa  «k»  of  a^^/^  vsxidlty  ss 
— •M^ia  of  twchixig  off acUvmai  ^  probm  tti«t  inaxmrntm  tnicn 
batMMi  twiiBra  mS  ailnlnl8tT«tor»  md  Xmm:lm  v^pouitian  to  tl«  pXmm* 

tor  Afl^pie,  at  least  cane  xvlatiwly  Icng-tana  caxMr  laddtar  piugian  «:  ji  «n 
•v«:iuation  OJ^Miait  (the  Qwlotta  MsLkXcnbigy  Plan)  uoos  poor  xwimt,  mS  has 
zacantly  adjustad  that  praasfis  to  mke  tha  ovaluatian  cxitarla  laaa 
ilLwtitatlvtt  and  noro  QuaUtatlvB  (Qxnat,  l^}. 

o  niB  ooifKnsatlan  levels  set  by  nerlt  pay  plana  do  wt  i^ually  mtdtk 
distingfuitihabOa  diffamoas  In  taviili^  af^ctlvorma. 

Itia  zaoently  anactad  Fairfax  Cdurty,  W  rarlt  pay  plan  has  just  teai  miififld 
to  ndioa  tl«  plan's  five  omponaatim  lesnls  to  only  tHacao  lav^la, 

o  FinalXy,  ttie  axcluslva  fcxus  on  parfarmmoa  as  tlw  CTitaiicn  far 

oc^roatlcn  in  narit  psy  plana  incxwaao  toa  ispocrtanDB  of  tte  partooam 
awaluaticn  lanass,  irfiich  in  turn  watscmtmim  faalii^  of  fniatntlrvi  with 
avaluaticn  protslans* 

ttoaar  laddar  plana.   UUika  narit  pay,  oanar  laddra  ara  daslgnad  to  xaManI 
toactma  not  only  fbr  outstanding  toadilng,  but  alao  far  taking  an  wen  Job 
laapcraiblUtiaa  and  participating  in  pcofaaaionai  dtowalqprant.   Hua^  waar 
laddaxv  mooixagi  taactiar  xatantlon  by  incratflng  both  tha  wonaLary  and 
nnacmtaxy  nwarda  of  a  taachSng  caxwr.    in  ao  doing,  thaoe  plana  addms 
both  the  Inadoquata  pay  isaua,  and  the  ladk  of  carear  devalq^nent/a^^raiKsament* 

lha  davaloimnt  of  oaxaar  patiia  for  taac^a^  ia,  in  fact,  a  nfom  aiE^ouaed  by 
racMt  zapcarta  axamining  wsy^  to  liiprw*  taacfilng  and  t^gtmr  aAjcsatiOT  (a.g., 
HoUM  Baport,  1986;  Camagie  ftam,  1986).   Ihs  Jtorios)  Fadaraticn  of 
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Zn  Miv  GKMr  ladte  ^t^nv,  tMcMng  la  ^viM  Into  thcw  to  fiw  obcmt 
Xm1s«   an  olte-  pimm^  tmr  "ly  callad  aMtH:  or  ante  tawJm>  plm,  Itara 
w»  only  tMO  Uriv1»— «gul«r  t— ctwn  ndi  aMtar^MRtor  tJMuImm  «n 
■uoutdid  tton  piy  In  Mhiiw  tar  (tw^otUy)  «9wisln0,  MalvUnp  «d 
maluating  tixmt  ymr  mA  ctte  taactim*  Qhcmt  laMir  pUna  an  iptwlng  in 
pqpularlty  w  an  altamtlvB  pm^  Imativ*  plan  tp  ■■rlt       pA«a»-   Xta  ava 
wna^  wit  pv  plana  tiava  baan  xipiaoadi  ^l  oannr  laMtf^  plm  f Msnna  mS 
19B6;  BarUiy  Ifwaiil  «id  texy,  XWB). 


of         at  laaat  18  atataa  hid  mctad  or  aara  aMlcpdng  can 
pl«a  (Oomatt^  19^).  Svaluatian  la  uauaUy  tte  laaat  aooip>tabLa  pvt  of  tlia 
plan  tD  IwiaiaKa,  and  tte  part  thrt  la  aoat  tfifffloult  te  l^plaavtt.  ftv 
tMD  of  tha  aarllaat  atataKlda  oaxav  laUv  plam  (In  taa 
1}  aoca  baing  xavlaad  to  adAcaaa  pedblmm  In  Urn  waluatlm 
wW)  aftiinlstTativa  OMrload  (Ckanino^'SmBnl  mA  Baxry,  1988).   Ihi  avaxuatlcn 
ctf  ttia  Itaiaaaaa  plan  aaa  not  aworlaa  lay  tlia  atatsi*a  tMohan;  85 
did  not  baliava  tha  oaraar  laAter  avaluatlan  ^fafeoa  oould  toH  fairly 
or  affaeUvaiy  (Olam,  1987^  in  DarlAi^  liana^iMl  and  Buty,  1968).  fkaitey 
(1087,  {VS.   51-52)  zaporta  ttiat  taachara  £mn  tf)aaa  two  atataa  report  tha 
foliowing  conoaocna: 

o  ttia  f  ftixnaaa  of  liia  avaluatlcn  ayatn  and  of  tha  sitarla  for  ac^dnB  ti» 
omar  ladter;  aiao  tha  tandmy  of  ttia  avmluatlon  to  atlf  la  oraativlty  and 
tha  uaa  of  a  wida  sanga  of  taaching  atylaa; 


o  adftLticnal  taachar  tlna  zaqulxad  aftar  atlCJUX  and  In  ^itwwr  to  raacti  tha  top 
zisiga  of  lha 


o  lack  o£  tMciiar  input  into  tha  davaloppant  andl  iifamntatla)  of  tha 
program); 


o  antphaaia  on  artamal  avaXuatlai,  xathar  than  aalf-aaaaaonant,  and  tha 
ralatad  mfthami9  on  on^^^ticn  batwaan  ta^^iaxa^  zathar  thm  oucpaialiqi 
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Itvurfc  into  progrw  teign  «nd  ii^E^lMntitiau   Ttmm  t^utfi—  aclcmA«^  tte 
iMd  ter  Av»  snA  aon  :ian9*tm  ftn^Uig,  w  miltl|a«  cxltiri*  for  miostlcn 
lupoM,       muin  thit  tMctm  at  mr  tte  top  run^B  ^pnS  iMrt 

NHDr  stslM  m  pKOOMdlno  mk»  caitiously*  ibUiq  pilot  in  IcxsU 

distzicta.   As  DnrIlng4mQnd  ml  Bsncy  f  im,  up*  6i-e5)  -ntw  uvivai 

OBWV  laiftlK'  ii  i  yiMi  i«ill  a^ptnd,  in  Uxgm  pvt^  «  ti»  ii^nslty  mnA 
pnmmofi  of  «hM  twt  «itM  in  dmOcplnB  cndibl*  ml  inctixaihu 
■Qlutiona  to  itm  immm  of  Maluitian.'* 

miffianintil  pay  b— »d  on  iJuiUubs:  a  rtudy  of  av»  dltrlcf  > 

in  mnt  ifwxs,  f aoad  mth  pmstint  tfaaiUtf—  in  «m  tMcMi^  mndalty 
KM,  pntiAilArXy  aciflm  mS  MthraUov,  or  in  KiCDlii  uitSi  poor  mHliv 
oonHtlaift,  #  mil  luiw  of  school  distxict*  hm  UqplmnteS  wiow  fom 
of  tfiftawtial  psy  in  fBitar  to  attnct  tTwacham  into  Vtmm  t^?^1^^Ttiwl  (fiw 
of  *Wcti  mr«  mtuSM  tar  t*ii»  nport.  m  Qrivmr,  n«  »twctura  of 

ttaM  inoHiti^w  varlm  acxoas  district.  Sons  m  stzucturHS  to  aid  xscniiting 
nM  tMchn  only,  soms  hei3|>  tooth  xvcculting  and  xvtainlng  prasant 

tMChm*  itm  Inovttivw  dlffto  in  ttalr  cat  to  districts  inS  tiiAir 
sffscti'twiBSs  St  sXiminBting  itfsartagea. 

ths  slii«^sst«  alttioug^  I&t?bflbly  isast  cost  sffsctiw,  fcm  of  iisodalty- 
ipscific  psy  is  to  irsias  tiia  salary  ctf  aU  ts^tes  a  i^pacialty*  A 

sitfond  altwnstlw  is  to  ralsa  ttia  pay  of  inooning  tsacftai^  only.   iSiis  can  te 
dona  in  savma  i<ays.   Itio  nost  conscn  fom  is  of  faring  a  highar  initial  pay 
stsp,  alttaig^i  a  ona-tiaa  banm  is  also  uaad. 

A  aOKS  raatrictiv*  varlsnt  is  to  offar  hl^isr  pay  oily  to  oartain  naw  hiiw« 
ftar  mmsi^;  a  "inatching  offar"  prograa  Mould  f ixst  daalgrwta  wtaXsg^ 
ipsclaltiaa,  but  tim  allow  discnstion  as  to  y^tdctt  nm  SBcruits  raoaivad  hlgter 
of  fin  —  oftan  xvatxlotad  only  to  ttesa  mIio  hava  M^wr  of  fars  in  tmS  from 
otljauc  districts  or  iiiAistry» 

Savml  diatzlcta,  laanUfiad  for  this  ropcrt,  fmm  triad  soma  farm  of 
diffarantial  pay      four  in  ipadal  taaching  axwa  and  ona  daai^^isd  to  altar 
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am  catxmr  pttto  of  aU  tMohmw  9tw  Um  d&atiicts  an  ttuton.  Sd«t»^ 

tt3Ui^t05'a  *S«ocnd  HUf  Wi^  Is  «i  mm^m  of  a  lonl  district  InawUM 
l^c^pw.  fkoi  1982-63  to  tte  »wton  Xna^pwiteit  »taal  ttstrict 

iiipl— ifd  Mwml  p^r  Incwtlw  iad^^wii  ilMtjfl  Id  Ihcxmm  t—ctT 
»if  >dwio»       zvtntiQn  In  aeltiml  thortaBia  mM  {both  fldb^}«ct  vm 
fldhaol  looMlw}.   IdHaf-niw      r  atipndi  w«  ■wn^i  to  tMctan  ite  toi^ 
— hindiaiCTMl  fftodMx  (atipnS  of  8750),  xagulv  ^puUX  aduoatlon 
(SS25),  Mllngwl  fHU:rtlin.  ithMMflf,  cr  mslmm  (SUOO  moK).   lb  quillfy 
a  toadflr  M  to  pva  th»  dlatzlot*s  toi^wr  MMMMit  mA  Mat  atta^m 
iciiii— t^MdMCT  «te  Mt  ttia  allanfliiioa  nquiKwit  of  ateinp  no  mosm 
tlm  tiy  dqpa  mk*  alap  ^Iwi  •  )»nus  of  «100  par  dior  *or  aaoK  off  ttai  tiv 
auoaadi  diya  tiiat  th^r       not  ataa  im.g.,  pvrfact  aifrtf^tja  multod  in  a 
tanua  atlpand  of  ^00).   Ttachan  Mxa  aiao  givan  8200-8700  for  snfaaatoMl 
dliiiaK|Mit  (poatatocntey  oeurMnrfc)^  mS  62000  stipndB  wan  gUm  for 
toacMiy  In  a  actxsol  Omig^mM  as  r prloxlty. 

rtm  pKpgtw*a  annual  ooat  zwgad  fxw  fi?  naiim  to  SU  nUUon  ow  ttM  ftwr 
yMra  of  ia^plamantation*   lh»  atata*a  CmS  diatadct'a)  dkinailng  tn  nmM 
baoiuaa  of  oU  pcioa  dbcUma  amtually  lad  to  curtallant  ctf  tto  pcogiaa.  In 
tiia  laat  yaar  of  th»  prugnaw,  aUpandb  aaoea  out  and  finding  naa  allalnBtod 
altocpvthar  in  1987.   Hitcy  «nd  Qtiima:  (1984)  xaport  that  an  ««luation  of 
HOMtan'i  plm  aftar  tm  yaaza  indlcatad  ifipcovaainti  In  taacftar  attandsm  orA 
taa'har  tummr,  and  iliL  l  aaaau  in  taachg  vapflndae. 

gtyttcn  hig  a  *lBatchina*  aalary  prooma  itatiby  In  dMlgnBtad  toadtilng  asaaa, 
naa  taacTacri  a^y     x^acaad  hlf^Mr  m  tha  m  acala  ttei  thalr  aovarlanot  wuld 
diotato.  Hoaavar^  tMa  ia  dona  only  If  ni>did  to  natch  aadatlng  wtlmr^  of  tea 
fim  ^ttwoT  ottiasr  achool  diatiloto  or  prlvato  lnddatxy«   taaaa  cmmtly 
tei^wtid  m  aligibla       tola  pnagtan  mm  MlingMl  adxsatlciv  qpaccSal 
adUcafciav  wtoiMtloa^  all  adanoM      cosisutv  asto»  Hai  piiyi  an  alao 
omaead  ainonty  taactiara»  Ap|gxaiat>Xy  ona-liaXf  of  aaUaiHatiaa  and  aoteioa 
taacfera  naoca  ounwitly  baing  hixad  und«r  thta  pcogpcan  ««ith  aitiaiiuad  pay.  ^ 
Imf^  of  wiiaiuad  pa^  oftan  aaoaadad  89000  araially*   ttm  piiviam  grm  fna  an 
nlifcr  ■atotiing  aalary  pRsgna  In    latvma  ftir  ovar  10  yaara  dizaotad  touairS 
tUrlno  woatlanal  ai^tfatlon  taartiara  in  oKtaln  apart altiaa>   Nb  avaniatlfln  of 
ttia  j^atigiwi  haa  baan  dona* 
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Kai-Utftd  hmm  had  •  jpaotfiM  in  mMlmtmvm  for  10  ymcm  iMch  allow  ni^tgr 
jplaoCTnt  on  tha  pay  acale  far  «w  taatlmiu  In  UiAtg^  irans^   S^xh  az«as  oni 
daais^tad      tXm  auftarlntamSBnt*  Anaa  currently  daalgnatad  aa  Bhuatage  ai«aa 
mtm  M lingual  ateaUcn  anl  ipacdal  aAjoation.         laiDtftaa  aUoNv  diaczaticn 
m  tte  pert  of       peocacnial  dlnctor  aa  to  Wiicti  Indlvi^ittla  aiv  y^rlp  grh 
oCtea*   In  f^Mral.  Hartfcad  and  tt»  atato  of  Qamacticiit  twm  IikS  vary  ^ 
taaching  #iartagaa  ovar  tiia  la»t  10  yaara,  m  tha  psraonnal  dixectar  stated 
that  ha  has  uaad  auch  offero  oily  in  a  lindtad  n^w  of  cms. 

Dad»  Qxaity.  Florida  has  aewral  InliAatlvaa  alnad  at  attracting  teactiaib  to 
apocialty  aliiitaua  areas,    itiey  have  a  $100Q  fixat  year  txms  to  rav  tB^trnm 
in  itortflga  azBas.   These  araas  include  BigUsdK,  gatharoatlcs,  all  sdanov, 
eaoeptlonal  eAication  and  obtain  vooaticml  acix^aticn  araas.   Ifia  Fsyncnt  is 
given  in  tt»  first  yaar  only,  and  na  fixtuocB  salary  la  affected.   This  has  baa> 
in  opearatian  far  throe  years. 

In  addition,  ZMe  Ouity  invldBs  additional  pay  for  "hi^  priority  octaols" 
(SKlvx)!  that  az9  difficult  to  staff  <lje  to  looatian  or  studmt  populaticn). 
Itoachars  are  given  «nual  salary  incxassnts  of  ^00,  SIOOO,  S1500  anl  S2000  for 
tJhalr  first,  saoond,  third  and  fourth  years  of  tsachlng  at  a  hi^  priority 
school.    After  ftur  yaars  the  Incrara^  la  kept  panaananUy  at  £2000.  Tt» 
state  al»  ptxvides  one  full  luiticn  acholaz^^  for  each  state  high  sctol  for 
a  rstudent  majoring  in  edcatian.   In  addltla>  $4000  scholai:f:liipB  are  ssDvicted 
for  students  in  their  junior  and  aanior  year  in  college      tiiey  prepare  for 
taadiing  in  state  shortage  areas*   Areas  qualifying  inUijde  mat^umtics, 
acimoe,  aooocptianal  edjcatiov  &igliah  and  Rxral^  Language, 

Nb  avaluatiGn  has  been  dona  of  thaae  progrsns,  but  tha  peraonml  of  floor  in 
Dadto  Cbmty  stated  that  all  paiogrataB  are  in  their  third  yaar,  ani  ha  ttei^ht 
Hwm  affective.    Ha  atatod  that  mathstBatloB  and  adanoe  ^vartages  ti»t  were 
pazuistent  cwar  the  last  5  years,  while  persisting,  are  no  longer  a  major 
problfln. 

Rochestgr  (NY)  City  School  District's  Oereer  Teachli^  Plan.  altJtough  njt  a 
differontial  pay  plan,  establishes  lour  career  levels  for  all  teachers 
intern^  residant^  prc?fesaianal^  and  lead  teacher.    Ihe  prugrarD  is  designed  to 
lostc  hand-irv-hand  with  other  teaching  prc^aasian  and  school  refonD  efforts  in 

30 


793 


<1m  italm  wriflng  ±ct  *ot)00lB«  i^pKOMA  ths  tMc*iT  inActdm  isiagzn  for  nan 
tnolm,  «S  nto  tts  tMChing  oonflr  cm  of  --if  not  tte—  ■ost  atUnctl^^ 
poBltlanB  in  nm  Ktool  syBtm. 

nMdr  tMCtes  t«UX  t»  paid  morXy  $70,000  to  ihara  tteir  tin  twtw—i 
tmhlxv  iaH.aMninnT>n  mA  otter  prpfa—icrai  acUvitiw  —  assiatiiio 
taigiiiiixv  tMtiiBr  iixtanie,  teigoing  caucstianil  yiiyaw  in  isns:  city 
actrnla^  dawilopliig  asxiculun,  «S  ao  on,  flia  progim  Iwa  juat  ban 
Initlatad;  hoMmr,  It  ia  inoUnted  hara  to  ivovida  an  aonqpla  of  a  diatxict 
atiE^sBct  to  anhonoa  taactiljig  atatua,  isvsm  aalariaa  om  tte  yiufaaaioial  Xifa 
of  a  taachar,  mnA  pxovlite  pcofaaslon&l  Gcpartmitiaa  for  taactas  iditxxit 
fuLLing  ttian  to  laava  tiia  prof^oBaion. 

Alttaug^  no  tam&l  ovaluaticn  fma  baan  am  of  aucti  pxtagtow,  aa  can 
nonathalaes  atfca  aooa  infaranoaa  xa^xdljng  iiiair  oo8t-«ffac±iimeG8  teaed  cn 
ttadr  atxuotura,  knourXa^^a  of  taachar  xaczuiting  and  atteition  pattmia,  and 
aoononic  theory. 

nm  lautfiMS  that  ara  likaly  to  ba     f  Icicnt  and  aff active  in  aliMnatlxig 
ahortagaa  naad  to  affact  both  zacmitriig  nS  aarly  xatantlon.  as  oppooad  to 
thoaa  diisctad  toward  caiaai-uunaittad  toachsrs*   Aaang  the  thcae  optiona 
nviaNBd  hara  --bonus,  hi^^  step,  and  paraanent  pay  lncx«»M9--  only  tha 
higher  aatry  stap  ptogiaw  affects  both  racniiting  and  retention,  and  pawldes 
hli^har  pay  only  i&irlxig  the  critical  anrly  years.    It  thus  amida  paying  largie 
aawnts  to  taachars  who  ars  alraady  caraecr-cammltted.    It  would  probably  tse  the 
flsst  oost-affactiw  of  tha  progcans*   If  th»  hi^jher  step  panogroa  is  v3Qd 
aalactivalyie  ite  oost^factlvenass  is  artianoad  mvm  snra. 


Jte^vaia  of  Hftcmltnant/aetBnticn  Pplicaa: 

optima  Ifclatad  to  X^proylno  tt»  Repfaaaiti^l  Obnditiflna  of  Scfaoola 

Owanrlw,  Bnarging  teacher  ihcrtages  haws  pmuytad  attontion  to  those 
atnjctural  faatUTBS  of  teaching  iMch  have  nada  it  relatively  tnattxactivB 
CLppaiad  to  aitemstivB  caraaxB.   Ihe  pxobloia  of  teaching  Br&  i«ell-)cnAn:  long 
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hgm  and  nldi-zwiging  r— p-n^iiMtltf^s^  lew  wt&hm,  fmt  cnxstmitifis  fcr 
■dwionwit  or  ttdOltionttl  MpcmifaiUty,       msMsig  cOTditdnis  that  ott«^ 
liinfiMliiiali  muld  find  imaovpttiiU      l«ck  of  ■Bticlal*  and  «qul|Bmt« 
lUHtad  momm  to  bMie  mk  tools  wcti  as  tspMsitn  am  toliitoMe.  m 
pMQMl  offiM  lac*;  of  tim  tar  isapaiwtion  and  planning^  onS  so 

TtMa  sndblnp  hova  oontzltxitsad  to  mnt  dLfflcultias  in  racaniltli^  taactera, 
m  cpportanltiaa  In  othBr  f  lolda  fmm  tmooam  z«Lartli«ly  nora  ottxvctiw  nl, 
for  ■attsaatlca  and  adanoa  toachin^  ach  oora  ovoiXabU.   A  nnbor  of 
diagnDOoa  of  ttio  pnoblas      blu»--rlbbcn  taili  ri  ■  lws  and  ccRslaBionB  m  mbii  oa 
adnlon  hm  ooncaMded  that  ftirtte  adUcatlGnal  IflpnavoMt  In  Jtaloon 
mctoolB  will  depend  first  and  fuiaajBt  on  tha  c^iibes-  o«  tte  taacMjr^  fcsoe. 
And^  tiia  caOlbflo:  of  tlie  taaching  faros  will  deprnd  largaly  on  tte  pursuit  of 
zwtens  that  prof ftHHifmll Tan  the  teaching  ooovstioi  (Ctemgle  Ftein,  1986; 
Mtlanal  Qwemoca  Assodotlan,  1986). 

In  addition  to  general  ooo^ational  prdblmoB,  taochlng  txjrtjmw  unfovcsahly 
%ilth  other  pcDfas&lons.   ihe  ponohlens  o£  teaching  m  a  professicn  are  morr 
kM1»^  kut  atpAlly  Ij^xsrtant.    Low  levels  of  investznant  in  taacter 
preparatlm,  Indbctloa,  and  cngoing  pEDfaB&lonai  dBwelqpoent  have  Glowed  tl» 
ppnpfeesionalizatlcn  of  taachlng  by  InisQdlng  the  davelopsant  of  a  kixiwlad^  taase 
for  teaching  and  its  tranaoisslcn  to  naw  entrants. 

Sinoe  taachers  are  sotivBtad  prlfDarlly  ty  thalr  ef factlveness  with  stixieintB 
(Boaenholtz  and  ^Ue,  1984),  ocndltions  that  teacher  effic«:y 

(xenglng  £rm  lack  of  teuwled^  to  poor  teaching  ccnUtions}  oontrllaute  to 
disaffection  and  attrition.   Limited  teacher  aAjcation  reduces  tte  teaci^rs' 
axBfinal  of  Icnowledgre  and  flkllle  with  iM,ch  to  aeet  ehsteita'  naecfe.  T^actwr 
lactation  infain  the  aharlng  of  Icnowladlga  and  pcoblens-aolving  anong  teecherB. 
A  Blnk-^z'-ewlffi  qMpiuatJA  to  ontzy  xeilMaQa  tha  pnohohillty  «iat  naw  teacters  will 
leam  to  be  eftertiw  i^iUe  Inoeaslng  early  attriticn. 

Buxesucratic  piooedzrea,  often  intsnded  to  ocspeneata  fdr  l^k  of  taactar 
kmled^,  frequently  oanstraln  teachers  in  weya  that  hani?er  tt»lir 
effactivanass.   Thaaa  aspects  of  teaching,  which  cunentiy  prevent  it  from 
baooBlng  a  profession  (and  its  rocnhtare  fxisD  being  tiueted  as  full 
pEOfoeelonals)  are  the  targets  of  new  initiativea  in  many  states  intended  to 
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vSAcM^  tMChsr  itartagBB  and  quality  by  i^rovins  tte  |u«|iaration  of  tsaadhna 
■raS  tha  piofaaaionaX  cmSltianB  of  tsacMiy. 

Fiiira«ali  iMil1i1m  poHdaci  ara  tteao  that  aeak  to  l^oove  tha  ainay  of  mll- 
quaxinad  tuchBTB,  anhanoe  thalr  prn»rtttlflni,  and  anowraga  tha  pcoAx^ion  and 
tznnlttal  of  teaching  knmXadEia.   lhay  induda  atcatagiaa  to  i^pctw  tha 
«ffactiv»  trainiiig,  zaczultsmt  and  xatvitioni  of  talentad  taachars  as  %»1X  as 
artnfaaglM  to  zvdUoa  taachv  laoXatiaY,  iranaaaa  taachara*  iiiKit  into 
iMtcifitlonal  dadxion  MoHixig,  and  anoouraga  oollaglal  prahlanHBcavliig* 

tecovad  Ptacmation  and  I  AcUm,   Lika  othaara  ito  antn:  taacMng, 
— tiwin™  and  acianoa  taachBr  xaczuits  m^lMixt  thsir  ctoioa  In  taraa  of 
awioa  laotlvaa  and  pacscnal  valuae,  auch  as  s  deaim  to  tiock  with  d^Uifean,  tn 
oontx:U)uta  to  aodaty*  and  to  foatar  laacmlng  (DarlinGHtaaond*  HjOkwi,  and 
Klxty,  focthooaijng).   lha  prlnary  rmmA  of  taaching  is  a  Mnsa  that  tha 
taaciwr  ia  coitxlfauti]^  to  the  growth       dag^^opDant  o£  his  or  har  ataifents. 
Ihia  ama  of  sffic^y  is  cnKlal  fior  teaciiaa:  In^romaant  (Oarling-^lBuajiil  at 

1983;  BDoarteltz  and  ^lie,  1984),  and  it  atxongly  af facta  student 
laamlf^  cutooms  (Baxraan  anS  WrlAin^lln,  1977;  Axsnr  «t  al..  1976;  arookcMa:, 
1977?  Aittarat  al-.  1979). 

!Steter  attritlcsn  is  T>alated  to  thooa  taachixig  oonditiians  that  influarwi 
taacter  afficac^      ti»t  iBr  tha  taactar*a  amuty  to  da  an  affactiva  job  of 
tSM^Ui^  (!ttertx>ltz  and  SiyUa,  19®4>*    Ttooe  Oio  ar©  battar  prapsrsd  for  the 
ctallai^  of  tte  clasaxoom  and  those  «to  ara  batter  R^^pcsrtad  in  thalr  Initial 
nontta  of  tsachSng  ara  ncaiB  ef  f  icadoe.   thsy  an  lass  lilcaly  to  beooma 
dlaoouraged  ml  join  the  laxga  ranlcs  of  aarly  laflvars  who  ocscxrise  a  third  or 
iBois  of  bagiiniing  taachers* 

Niw  ncxuita  to  aathenstiCB  and  acianoa  teaching  affizm  the  Isynrtanoa  of 
adaqLiata  praparstiGn  ard  early  nantaring.   Thoaa  ite  tsoaivp  grod  fraservloe 
adboaticn  anS  st^spoctivQ  supervislDn  as  bwtfiniegs  appear  such  moro  Utaaly  to 
fML  ef  f  ioadow  and  suooaasful  than  thoaa  Oio  «itar  thscug^  special  mitee 
that  teincsta  jEaporatlon  and  early  nentoring*    Ihcse  ite  xsoaive  good 
praeaxvioa  adr^stian  «9  ai^snrtive  A^ervialcn  as  baginnars  afpaar  auch  JtoxB 
UJialy  to  fael  efficacious  and  auooasstul  thin  those  ite  anitar  thxoig^  special 
mstas  that  txiAvato  pr«paraticn  and  fail  to  ofte*  adsQU^te  induction  (Darling* 
Hsnnond,  Hudson,  and  Kizty,  forihaaBing). 
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Nmsr  atatw  «nd  districts  an  lamliUrv  or  oonsiaKiiigr  ixAxMan  »  inter^ilp 
pLOgcw  te  tagimlxig  taBctaca,   Ifila  la  an  Isportant  d^wtuna  ficoo  tf«i 
txvdltimBl  aij^-CT^-aiiia  ifipcoadfi  to  taglnniiig  taadiing  for  tND  aqually 
^"inrtnt  naacana:  (X)  baoauaa  taactUng  tamamOgm  la  oaqplax  mS  xaquixw 
Ju^mt  In  its  qnplloatiorv  it  cannot  ba  fuUy  acQulzad  In  a  twivr  mAxs^Um 
clmmxxm  and  (2)  toaoauae  a  taaching  prafaaaton  la  flxat  and  tawost 
ocoQlttad  to  tte  w^an  of  «taid»ta«  Ina^arteioid  pcacUtdmsB  csnrt:  te 
•llotud  to  Imam  on  tte  Job  lilttmt  guldma.   Swtaimd  In&Mrtim  la  naowary 
aa  nan  to  atn  ttia  hig^  attrition  zatoa  of  nw  taactiara  and  to  imrldi  aquity 
to  atodanta,  alnoa  Inas^porianoad  tBaLigu.H  aza  not  xanduiy  dlstxHautsd  satsss 
aU  typas  of  schools  and  atutata. 

Bsglmlng  tBachars  are  typicaUy  plaoad  In  ^dsprap^stUxmtB  iwteiB  In  tf» 
scteoia  and  cXassrooras  sesrvlng  less  odwitagad  atudsntB,   ScteolB  with  hlgji 
tumbvBT  xatae  aro  ttosa  al>andGrad  by  wars  aaqparianoad  taacters  iito  sttiiarlty 
allc»»  then  to  xaoaive  txansfaans  to  wen  doslrabla  looatlonB.   it»y  asB  also 
the  sctools  Oiich,  1^  neoea&lty,  hire  the  roat  naw  tBachars  {Wlae,  Dcrlli^ 
Ummard,  and  Bsny^  1^).   Others  have  also  af£ij3ned  thla  pnpctlOB: 

Naif  teachers  axe  often  givan  those  stidants  cr  oourses  tilth  ttfxxa  asperiarvsed 
teachers  db  not  wtJ>  to  deal.    Instead  of  givlno  baginnix^  teacters  a 
iMturlng  ensdronnent  In  Oiich  to  grw,  m  them  thm  Into  a  war  xcm  >*»rB 
both  the  deDsnds  sid  the  raoortallty  rate  axe  SNOBSslvely  high  (HcLaug^in,  et 
al,  19^}. 

Ihcreased  Cblleglality  and  Autitarltv.   Oie  of  the  gieatwl  in«»di&aits  to 
taechexB'  piafaggjinnft?  growth  and  skill  dsvelofsent  is  taaciw  iaolatiQn 
(ItaBBnhcats  and  Sftylle,  1984;  nBrling-Kmnnd  at  al.,  1983;  Lortia,  1975).  As 
schools  axe  traditionally  altmrtxired.  teachsra  spsnS  most  of  thalr  tiro 
physloally  isolated  from  oollee^ss,  and  Hiere  are  often  few  oocigmixatlonal 
Inomtlves  for  teacher  iiitmauUcn  ^xsut  apadf io  problems  of  ecksatlmal 
ivactioe.    Thus,  taachBia  are  unable  to  ahare  their  knowledge  an3  teaching 
problans  90  maddnaased. 

Effective  achools,  hcn^ver,  axe  characterized  by  oollegial  settings  in  which 
taaciieiB  are  able  to  assist  each  other  and  to  solve  problems  collectively.  As 
in  other  sanofesaioi^  where  peer  assistanoe  and  review  are  wmuylaoe,  these 
collegial  school  settlngo  also  enhanoe  teadisr  satisfaction  and  efficacy  alcng 
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with  vtutent  Iftamlng  csutaxBs  (nosenhQltz  ond  Ssylis,  1984;  Malbarg  and 
Onm^  1982;  Ashtm      *l,  1983).   E^porlanoad  tMctera  pcctflt  trca 
GfvvtiMiltiM  to  «8Mm  new  chalXflngaB  and  loadKshlp  xcOw,  «hlle  less 
npflzlflxied  taw  f mi  ii  pecof it  fxoa  ttie  tadnioal  asslBtroe  provided  ttelr 
wterw  adIlMgiMB.   Ok](x:fftuiltleB       iMdBsvhlp  end  pn:ifnwn1mwX  rvcognitian 
m&m  to  vdmae  tiw  ^^inUon  at  of tarUw,  e^perienoed  teecteB  {itaenhDltz 
«d  ^Ub,  198i;  OMpsan  and  Hutchsson,  1982;  Stark  et  3.980). 

OUmnt  mifartB  to  n^ftructure  achoola  so  ttet  ttwy  fbcu  nora  prockjcttvoly  cn 
teodiir^  B»i  leaming  Involve  a  varlAty  of  Glisige&  that  Incraeae  tlsn  for 
fabUectlvo  teaciwr  planning,  preperaticn,  and  pcoblera^olvlng  as  «iaU  as 
ljvzeaBiJ9  lis  peo^cnal  attmticn  atudants  can  raoaiVB.    Itese  chan^BS  range 
toaa  taas  taachii^  atAB^jycngnts  with  Joint  planning  tine  for  taactaca  to  ooro 
curxiouluED  aixai^naiMiils  iMch  xeducse  the  atsoltfte  miters  of  BtudontB  Mdi 
taad^  njst  cose  to  know*   Mhen  schac&ilos  m  inlaar  the  control  of  teacher 
taaRB,  sian^  ^oone  productive  uliaUyieB  Iwaiw  possible. 

Oto  txsief its  of  incaiBOsed  faculty  invoaveraont  in  daci&ian  waklstg  ere  ocnf Icraed 
ty  the  affective  sdxx>ls  Utarature,  which  Indicates  tlat  participatory  school 
flwnaynneitt  by  teacJiars  and  principals  proAKsee  both  student  learning  gains  and 
ijcxeased  tDacter  satisfaction  mid  retentian  {ftedcenzie,  1983;  Pratznnr,  19B4). 

ReflouTDB  allocatlOTS  and  gtofessianalization*    ^mfesaionalizing  teaciilJig 
suggests  a  zBallocation  erf  ecijcaticoal  dollars  as  investinents  ai«  made  in 
"fruit  lino*  huR«n  csapitai  mora  ii»n  Bcnitaring  »id  inspection  system.  If 
tawifixs  are  qotb  caxvfUlIy  .isapared  and  aalectad,  axpenditims  for  nanagemont 
aystms  (tesignfid  to  ocntzol  inooRpetanoe  oan  be  xaAiced.    If  invaetiaents  are 
mte  in  1t«  ficnt-^araa  of  the  teaching  Cai.ear  for  indbcticn  s^wort  and  pxe~ 
teniZB  evaluation,  the  oosta  of  continually  Tsczulting  end  hiring  new  entrants 
to  ziplaoe  tto  30*SO  psjoent  ^  leave  in  the  first  few  years  will  diacline 

ll»  ocets  of  tes^-ald  approachos  to  staff  ^avBlopmant  fm  those  *ho  have  not 
laaxrad  to  teach  effectively  will  be  xaduoed.    SimUarly  ti^  coats  of 
j(w»diating  or  saucing  to  dianiss  poor  teachers  —  as  ii«ll  as  co'p^.^ssting  fr^ 
tl»  affects  of  «»ir  poor  taaching  on  children  —  wUl  decrease     Ihe  basic 
mtim  of  profesalonaliiation  is  that  stzateglc  investraijnt  in  teacher 
cxxpetoxe  fiws      xwouroee  for  innwatian  a^  learning  (Darling-Hanrond, 
1988)* 
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lha  qr'ality  of  the  teaching  fasxsB  in  aciftODn  and  faati»iatlcs  is  a  primary 
cxanoBcn  of  tJte  National  Scienoe  mxvSsUon.    7tm  quality  of  tl»t  huw  rqeounaiji 
pool  ia  Ctirwtitly  i«letod  to  higjh  quality  taacter  pxnopaxBtlan  pnsgrma.  tt» 
xvcsxaitmont  eaiA  ratmticn      0cl«noo  nS  sattiamticaB  taactars^  mS  t^adr 
oontiimilng  professional  davelcfprant,    IMblua  XBlatad  to  tiw»  factxxTB  are 
particularly  sovoro  as  tJioy  cm>aEn  minority  tsMiwB        toocivrD  in  urton 

Dw  design  of  tiie  Amerlcarx  frtmatlmaT  system  veq^ilrm  that  ispDCPvcRBits  In  tJ» 
xvcruitsaoit  sid  anstenticn  of  hig^i  quality  aatheBiatAcs  arvl  adenn  tttKisro  mist 
tate  place  at  ttie  local  and  state  iwols.  7hB  sa^tufe  and  nature  of  teaching 
quality  sanoblosa  dlctata  that  a  ccufs^honsive  and  fiyslsnic  flppnon:}!  iviea^  to  be 
takm.  ^gain,  thiB  Is  particularly  iqpmrtani  in  large  uztm  distxlcta  Wvre 
^scgrms  cm  be  fragmented  without  specific  ef foorts  to  coonUnate  tim. 

States  need  to  ocralder  the  ii^portanoe  of  salaxy  tmd  tte  pKofefislonal 
oonditions  of  8chcx»ls  end  careers  on  arience  and  raatheroatlcB  ta«:ter 
mcniitinBnt  and  r^dtentlcn.    Sciontiats,  aducatora,  state  and  local  etteatlon 
officials  need  to  examine  the  effects  of  salaries  and  profasaimal  co^tlcra 
can  the  quantity  end  quality  of  acioioe  end  mattaoatics  teacters.  Through 
ffcihllc  n^jorts  and  analyses  of  policy  and  psnograBBiiatlc  cptlcns  it^  Ftundatlcn 
ia  prepared  to  assist  in  this  effort- 

Ihe  femdation,  through  its  prograoE,  is  ahle  to  assist  states  ml  local 
districts  in  their  tBachor  x^cruitnent  and  ratantlon  effoortQ.    Vtille  tho 
ftsundaticn  is  rot  in  a  positlm  to  provide  operating  a^ppoort  or  salary 
tBscxiroes,  it  provides  susport  for  efforts  in  teacher  preporatim,  arrfiarKWient, 
ZQco^nitiGn,  and  pcofassiisnalizatian  initiatives.    These  efftarts  are  ctesi^ied 
to  anhanOB  the  teaching  profassion  in  ths  areas  of  scienoe  and  mati«matics. 

In  addition^  the  U  S.  DepartiBent  of  Bdbcatim^  througfh  ti^  Eiseftewer 
Mathecnatios  and  Science  B±x»tian  Act  <Ra00-297,  faonerly  Title  II  of  tr» 
fidbcatim  ftir  Econonic  Security  Act)  pmxridas  financial  assistance  to  State 
•Ajcational  agencies,  local  educational  agencies,  arrf  ir^tltuticre  of  higher 
•Ajcation  to  strength»>  the  eooranic  ooRpetiti^^ness  ard  nat^^cnal  security  of 
the  l&iitod  States  fay  iiiyiwing  the  skills  of  taaci^irs  and  ''^^  quality  ul 
iiistructicn  in  inatheniatics  and  science. 

36 


799 


Alticu^  thesB  is  Umltod  infcsrmatian  an  tiie  use  odf  thaae  ftmds,  etato  progran 
dinctcBB  inUcsste  that  Hie  priiuxY  fbour  1b  tBachor  tmlnlng^  including 
K^poort  for  tMchsrs  snd  csurxiculUB  fifaecialista  to  attond  KSF-suppcsrtx3d 
instltutxas  And  natlcnal        rcgicnsd  tnjCftln^      prcf<)s&lcnal  cxr^mizations 
Cftatks  19^). 

ThA  f6F  DiiBctorgte  far  Science  and  &igineanng  QdjcatlGn,  tlimugh  its  DlvlHicn 
of  Itecher  Preporfitlcn  and  ESihanoemsnt,  cunmtly  supports  activltlas  tiiat 
Include,  txit  are  not  Ilsiitfid  tjo,  the  follCMlng; 

o  The  dewlQpment  and  ev^uatlan  of  Inncvatlve  isidorgmduate  pnugiiatis  for  the 
fffcparatlai  of  future  teachexB  of  science  and/or  mttiB^tlcs  in  the 
alfssntary^  caiddle/junlar  hl^,  or  high  sctooXs. 

o  Ttie  deNflBlopnent  and  cnnaluatlon  of  oounaos,  malorlAlfi,  or  software  that 
strengthen  ttie  pnBsexvloe  preparfitton  of  toachecrs  by  addressing  areas  of 
MtfoiBSs  in  currant  piogrmm  relative  to  basic  knowledge  In  eclenoe, 
SBtfmetlcs  and  tiocSmology^  and/or  ef fectivis  raettcds  ftxr  teac^ilng  and 
learning  ttn^  subjects. 

o  the  develqpnent  and  evaluation  of  innovative  experiences  for  presexvioe  or 
beginning  teachDx^  that  will  Isprove  their  effectiveness  as  taf^iyrg  end 
will  facilitate  their  Induction  into  the  panDfession. 

o  'She  de^^o|lnent  and  evaluation  of  recruitxnent  and  igtgTtlCT>  stsisteglcs  for 
attracting  and  retaining  talented  students^  particularly  nwii-tfirs  of  under- 
represented  populations^  in  teacher  pneparatlcn  prograns. 

o  RoBaarch  on  ef fec±iv«  strategiee  xelati\«  to  the  preservioe  poneparaticr)  of 
teachezB  and  their  inAictian  into  the  jarrfaeaion, 

o  The  dfcfvBlopment  and  evaluatJ'ji  of  programs  designed  to  address  new  or 
emerging  teacher  certlflcavicns  in  adenoe  or  laatheRatlcs. 

Jtote:    These  progiOTnatic  efforts,  in  each  case,  include  specific  InltlaUves 
to  explore  m^  iss^axM  ttie  successful  participation  of  BtiTx:)rritles  and  other 
laidanneprBeented  groi^  In  science  and  engineering.    Ttje  atrcng  equity  oonoams 
of  the  R^mdatioa  taaka  it  Jspezative  thut  ^leciflc  and  ocs^xrehenslve  efforts  be 

37 


800 


fbcuMd  on  cltliBB  ultt^  l^ttv^  luxjuiitxvtlxra  of  odlnorlty  fftudvrts*  ITw 
DdJBCtDiwtB  hM  tateon  specific  stiver  to  dixvct  |g.tjyLMflatlc  affosts  «t  ucton 
ASMS  and  In  acteol  syatons  with  loxge  gsopoactlm  of  nlncsclties. 

p^Korffipfi  Ufcfawa  fiHuK  and  llitli— ttc<  BAiartlon 

tte  gccKixig  naed  for  astteastlcB,  «ci«3»«  «S  tactn^logy  acHucatlan,  and  the 
groHlng  pnaportlons  of  sdnorlty  grciive  in  our  tmstlanal  dtaeDsn^tiics,  ttoto  It 
tirgent  fete  tliB  Hstlcnol  Sdcnoo  Ftsundaticn  to  oddbmss  tto  nooln  of  ^xstsen 
ijhuolg  i4ruv  Jlstgo  mabfizB  of  niiuLlty  vtudvitB  vttjand,    Pkojfwts  fiivhrd  ^ 
tftii  fttfidatlan's  tMcheor  onhanoament  and  dawlopmnt  piu^aua  axe 

alraady  active  in  city  flchools.   Fliture  pcojacta  can  tia  togatlwi'  tttaa» 
activitlaa  in  a  bocb  oovialata  wemer. 

NSF  will  hR  pmpmaivD  to  oo^nfaaaaive*  aystnic  urten  initiativas  lAianavBr 
infKOvaoant  aeeras  XikaXy,  and  tAiarew  ttaocB  ia  a  daar  intenost  on  tt»  part  of 
tha  achool  ayvtani  to  wtk  witii  Hio  scXanos,.  maU  amatico ,  and  xtalatad  aAxsatlon 
caa»B>itiaB.    An  aiyivytiate  ca^spreimmivB  pxojact  ml^^  indufe  9101^  of 
Bciantifirta  and  uaiU  jauaticicns  mocking  with  ac&jcstltn  ocholars  to  pocwlda 
taacfiars  vltiii  tachnlcal  asalBtsiOB  in  tha  diEsBigpn  and  davalGpoent  of  adhool* 
baaad  pcofasGlmU.  do^opment  md  training  efforts,    SiaUtsieousXy*  aducation 
actoXara  MXild  oollaborata  with  sdxol -based  faculty  md  staff  in  projects  to 
liifixova  profeeaicnal  condltlone  at  iiie  scteol,  naiir  currloulum^ 

ODoparatlva  laantLng^  paar  coaching,  team  teaching,  fl|iacial  staffing,  now 
atandanSs  and  revtsad  achadilee).   Asaeasnvnt  aaperta  could  Mark  to  amure  that 
atudant  aBseGOBent  and  district  aoocwtabilXty  vaogiaro  aiQxart  daaixad  srtuteit 
laatning^   All  of  thaaa  cqiyunontw,  undar  a  ooaiatoBtlvB  "^tsella,  would 
ccratltuta  a  pnaulErtng  systonlc  rafonn* 

Any  aystaotlc  Isfsowont  af fort  would  indixia  aloonts  of  profasslcnal 
dovalopnent  for  taachBrs,  aubatsntlal  ciiangea  in  tha  sola,  status  and  training 
cif  teochara,  and  aignifioant  avddfvioa  of  iufxzouad  systos  support,   this  might 
Induda  auch  davloea  as  i^pecJ allied  teaching  mid/ar  ai^part  staff  in  tha 
adanca  and  matheroatics  aiaiKi.  ijxzaased  taachar  ];s^eparation  tim.  isfsovad 
l^x^anatorlas,  m\/ar  many  othar  tadYiiijuas  that  hava  baan  suggested  by 
adioation  obearvars.    Seme  current        ptogians  address  one  or  Rora  of  theae 
issues;  howevar,  systroic  efforts  ^ilX  naad  Minultaneous  action  on  ali  fnxits. 


36 


801 


tntimtsly^  hcMovor,  iBtnovauflnt  in  sciflnoB  and  cathgastlos  edicatlcn  e&xst  tako 
plaoB  locsally  within  acteols.    ItesB  ia  incanaaaing  agtvement  that  the  critical 
dsdsicns  zvgax^llng  is|irove»it  in  eckicatian  ptogiaai  oust  involve  tte  peoiple 
Mho  A»  dOMKt  to  ttie  XaBiTiBCB  —  taacA»:iB  and  scixxd-bsfiod  ac&ninistratozti. 

^tiis  ifi  wpeciAlly  tzue  in  the  case  of  the  ^axigB  urtxm  systaxis,  «iilch  also  haw 
tiie  Bost  Bmxsv&  podblcciB.   Itelr  «tudants  tsnd  to  drop  out  «arly;  iss/old 
Kionoe,  satiiematios,  and  flnginecrlng;  and  ara  aaong  those  «te  are  least 
■uooBOofful  in  acl«noe  and  mathaoiatloe  ooutqgs. 

Suooassful  systerolc  infjauvsawnnta  rtvxald  inta^rots  BcSmpoB  and  aathentaticB 
iffpmfopait  with  torood  rftfatm  efforts  etiailoted  by  local,  staiae,  and  natlcnal 
leacSorsMp  ooifaissicns  involving  edboatcaacB«  hu^lnasfl  leaders^  and  govamnsit 
officials.    rSF  has  initiated  aoroe      ti»ae  activitifis  thtou^  its  Sdanoe  end 
Ehgineerlng  Q±icatiai  jsmfcms,    Ftor  eoKmple,  ISF  has  owipcjrted  tii6 
Matt«natlcaa  Science  EdU::ation  Board  and  the  Araearican  Association  for  the 
WvanoeTOEnt  of  Sclencje  eff carts  to  define  essential  leaming  In  aclanoe  and 
matheoatics*    Ttoc^er  enhanoptent  projects  h-^ve  increased  teacher  leadBrsWp 
capaciti^  and  tlie  content  knoi^ledigie  of  clsssiocin  teachers.    And«  materlalB 
develofxnent  projects  in  elanBntary  science  are  being  pilot  tested  in  tmmdredQ 

of  SC^IDOlS. 

FXiture  systanic  efforts  will  be  in  a  pc3elti<y^  to  use  v^iat  hm  been  supported 
and  tie  the  following  dlHCTBte  efforts  to^tt«r; 

o  redeftr^  the  learning  outoones  essential  for  a  K-12  acienoe  end  mathk^niaticss 
©Aica  tion; 

o  ea^serlmont  wltJi  alternative  apprcac^xss  to  srtaf fing  sdenoe  and  mathematics 
tB&ctiing; 

o  ijx:rease  taaciv^  participation  in  designing  the  mathanatics/sclenDB 
curriculum  ind  selecting  material b; 

o   iippmve  tte  content  knowlotJ^  and  skille  of  toachera:  (pnofesKicjnal 
development ) 
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o  ^wlfflent  iilth  aXtemative  teaching  wjxmgmants,  organixatlmal 
fltiuclum,  mnA  dociolan  Baking  proaeAsrm. 

Strt*  97VBmmts  iwMi  tt»  principle  ZBspcndLblUty  far  pAaic  cAjcatlau 
Qwncra,  ifiQlslatXKnB.  and  cMtf  stats  acteol  offloerB.  mlcli^  togsther  with 
•clamtlstB,  wtliomBticlm,  nl  aciicatora,  «n»  In  •  atzvtaglc  posittot  1x5 
tewlcp  and  luplmant  a  zxxspcehmiVB  aet  caf  adoioa       uttmrtlcs  aducsatim 
iiiptavaBsnts.    Statae  i*Ul  need  to  a^oas  pol^das,  ragulatary  practloaa, 
inwnte.  bufTifKB,  and  inoentlvee  aa  thay  ralata  to  aclcn»  i^ttonwUcs 
taachlng  mrd  laamlng. 


CU*|*uimnBlvft  .tatae  inlUatsd  pcUlclee  and  prognra  i«aaxUv«e  far  «» 
iBfiroymant  of  ociiool -based  K-12  aclance  and  msthonUcs  aOjcatlcn  aiB  medoi 
Such  pcorpmm  ahcMld  tsa  doslgnad  to  taaks^  toachijig  an  attxactive  caraer  fbr 
IndtvlAjals  ito  have  strong  backgnxfiiife  in  adem       mtJ«TOtics.  Such 
programs,  oonaistrnt  %*ith  or  in  sMprort  of  iooal  InitiativciG,  itfxxUd  Inclu^ 
at^farte  to: 


o  aowdna  sid  IniUata  ^Rpn^jrlate  atata  polldw  and  practicsas  related  to  the 
zacFuitBKnl  and  natentlon  of  adanoe  arxS  nattenatlcs  toac^wcrs. 

o   Iflixrov©  the  pr^wratim  ft)d  Intljctim  of  raw  sdm^e  and  wattanaUcs 
t»iic*wrB  and  to  naAioB  naadloas  banrlera  to  entry  into  tJw  prof  assies  by 
IndivlAials  with  sticng  backgxtursfe  in  adanca  and  mattTanatics, 

o  aa^Kiaant  with  nei^  typas  rf  poOldaa  liiich  jrod*  IncaitlvBe  for  sdrol 
diaUlctu  to  n«part  achool-baaad  ifl^mwrnts  Uilch  o^ianca  tt» 
profaaaicnal  cxnditions  fbr  taaciKB  oi^  thalr  caraars. 

o  rmnm  atata  schoc^  ragulatins  toat  iqpeda  tfm  iapi«rartatl£n  of  aomi 
airriaaar  and  taaching  practloaa  (a.g.,  vtvdant  twtir^  or  assaeroit 
progms  In  adaioa  and  oatiNnBtlcB  ao  that  they  m  ccnaiHt^  wit^  <teatxBd 
laazning  far  studtanta). 

o  m^pcax  staff  dtanmlcpasnt  and  tachnlcal  aa&iatanoa  to  irr^i  a^kxla. 

o  dsvlaa  inoarrtlvaa  i4iich  pnamoto  iocsai  school  decision  raakii^  ixx  ti»  part  of 
tha  tsadiaxB  and  assure  that  those  daclsioM  ana  m  fully  infonsad  as 
poaaibla  %ilth  ra^mJ  to  sound  oontent  and  taaching  knowledk^  in  adance  and 
nathsBatlca. 
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Appendix  V 


NATIONAL  SCIENCE  FOUNDATION 


WASHiNCTON  PC 


raf 


omcE  or  TMC 


April  3,  1^89 


Honorable  Doug  walgron 

Chairman^  SubcDosiittee  on  Science  * 

Hesearch  ami  Technolc^ 
Comaittee  on  Science^  Space 

and  Technology 
House  of  Representatives 
Kashington,    DC  20519 

Dear  tlr«  Halgrans 

X  am  pleased  to  subxait  this  report  on  the  structure  of  a 
"College/University  Innovation  Research**  program.    This  report 
is  requested  in  Section  114  of  .the  1989  National  Science 
Foundation  Authorization  Act. 

The  report  addresses  the  design  of  a  prc^ran  to  assist  nsBihers 
of  the  academic  community  in  the  pursuit  of  high  quality 
research  leading  to  potential  coms^rcialxzation,  vith  emphasis 
on  regional  economic  development.    The  program  design  is 
patterned  on  the  current  Small  Business  Innovation  Research 
program.    Implementation  could  co»e  from  any  Federal  agency,  and 
would  be  most  appropriate  for  a  *<&ission  agency.^ 

I  trust  the  report  will  help  you  in  assessing  the  potential  for 
regional  economic  development  based  upon  luiiversity/business 
interaction.    Moreover,  I  hope  that  the  report  will  serve  as  a 
stimulus  for  your  comments  on  the  program's  design  and  its 
implementation. 


Enclosuret  A  Report:  College/University  Innovation  Research 
cc:  Honorable  Sherwood  Boehlert 


sincerely, 


Erich  Bloch 
Director 
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h  RSPORT:  CQIXECE  MfP  XmX}fm&lTY  XIOR)VATXOII 
H^EARCH 

XNTItODOCTXOIl 

^S^JiSiJ        °*         National  Science  Foundation  Authorisation  Act 
of  1989  requires  the  preparation  and  suteisaion  of  a  report  on 
rS-."*^**  OTobors  of  tiio  academic  coMxmity  to  pursue  high 
quality  roaearch  of  economic  potential.  Such  research  vould  bo 
conducted  at  a  wide  range  of  colleges  and  universities,  including 
amallor  institutions  which  do  not  traditionally  receive  Federal 
research  funds*  The  Act  specifies  that  the  report  shall: 

*  SS^^^^^w*^?®  procedures,  terms,  and  conditicms  mcessary  for 
the  osttthlishment  of  a  program  patterned  after  the  Small 
Business  Innovation  Research  Program  to  assist  college  and 
university  faculty  to  pursue  research  of  economic  xwtential; 

*  analyze  the  feasibility  of  establishing  funding  reooupment 
aochanisws  to  offset  the  cost  of  such  assistance;  and 

*  state  whether  such  a  program  is  appropriate  and  feasible 
and,  if  so,  the  steps  which  shall       token  to  establish  and 
carry  out  such  a  program, 

These  three  issues  are  addressed  in  the  following  sections  of 
this  report. 


1 


813 


811 


Many  acadmic  researchers  have  expressed  intorest  in  o  program  to 
convert  thoir  research  results  into  usable  technology.  Ten  years 
o£  auccessfuX  Federal  experience  with  the  Small  Businees 
Innovation  Research  iSBIR>  prograia,  which  also  strives  for 
techxK)logy  transfer  and  regional  economic  devloj^ant,  suggests 
that  a  CUIE  program  patterned  on  the  SBIR  program  has  high 
potential  for  success. 

Prograa  Design 

The  prograiB  design  for  CUIR  follows  the  SBIR  pattern.  Zt  starts 
with  a  program  solicitation  calling  for  Phase  I  proposals  for 
work  at  a  college  or  university,  and  follows  through  with  a 
Phasa  XX  research  award  to  competitively  selected  Phase  X 
awardees*  Phase  II  research  would  be  carried  out  in  both  the 
university  and  the  private  sector «  Phase  III  comprises  the 
private- sec tor  sponsored  development  and  commercial ixat ion 
effort*  A  wxe  detailed  description  of  the  proposed  program 
follows* 

nias«  X  (Feasibility):  Performance  Period  mnd  Funding 

Because  Phase  I  addresses  only  the  feasibility  of  a  research 
concept,  the  SBIH  program  experience  indicates  that  a  short 
research  term  is  desirable.  The  underlying  logic  is  that  a 
successful  first  phase  serves  to  validate  a  research  concept.  It 
Is  this  phase  which  furnishes  the  data,  in  minimum  time  and 
cost,  that  determine  whether  a  major  applied  research  thrust 
should  be  initiated.  Moreover,  because  this  report  considers  a 
five  year  pilot  study,  long  Phase  X  projects  would  hamper  the 
evaluation  of  the  program's  merits.  Thus,  a  siK-month  term  for 
Phase  X  seems  appropriate.  The  timing  of  Phase  X  program  awards 
would  be  made  so  as  to  permit  much  of  the  project  work  to  be 
carried  out  during  the  summer  when  university  researchers  can 
devote  more  attention  to  it, 

Mith  regard  to  the  level  of  Phase  I  research  support,   it  appears 
that  similar  funding  should  be  required  in  academia  for 
sccomplishing  the  Phase  I  "validation"  objective  Cipe.,  showing 
the  potential  of  the  proposed  research)  as  is  required  by  the 
sfliall  business  community  under  the  SBXR  program.  Thus  a  $50K, 
six-month  period  Phase  I  is  recommended.  Phase  I  research 
objectives  should  thus  be  similar  to  those  for  SBIR,  with  one 
addition:  during  the  Phase  I  period,  the  academic  researcher  must 
select  a  private  sector  "partner"  with  whom  to  collaborate  in 
later  stages  of  the  project. 

This  partner  must  participate  in  the  Phase  II  research  to 
enhance  commercialization  potential  of  the  project.  This 
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"partnerahip**  is  an  essential  comj;>onent  of  the  knowledge  and 
technologir  transfer  process,  as  well  as  of  economic  develojsnent 
reeuXting  froi9  such  university/business  coupling.  This 
I>artn«rship  concept  constitutes  a  major  departure  of  the  CUIB 
approach  from  the  SBIH  model. 

eiiaae  XZ  (Research  performance  and  Funding) 

Itie  Phase  II  progra^i  should  be  a  twc-year  research  effort  at 
atout  the  S250-300K  level.  The  objectives  of  this  phase  are  the 
Goapletlon  of  the  necessary  research^  the  involvement  of  a 
I^Xyate  sector  research  organisation  and,  where  appropriate,  the 
training  of  students-  if  the  program  is  to  serve  a  technology 
t:ransfer  function  to  convert  university  research  into 
technology,  then  there  must  be  significant  private  sector 
research  participation  in  this  phase  to  insure  the  coBonerciai 
direction.  Since  the  program  strives  for  conversion  of  research 
into  coiwnercially  viable  technology,  soma  research  during  this 
stage  is  likely  to  bo  "proprietary**  in  nature.  This  raises  the 
queetion  of  the  iinpact  of  CUIR  research  on  other  research  m  the 
university  laboratory.  To  avoid  the  conduct  of  proprietary 
research  on  campus,  it  is  reco^^iended  that  Phase  IX  awards  be 
made  to  the  email  business  itrm,  with  research  performed  jointly 
inboth  the  small  business  and  university  laboratory:  non- 
proprietary  portions  may  be  carried  out  by  the  college/university 
partners  in  their  laboratories.  This  arrangement  will  insure  both 
l^roved  technology  transfer  and,  8t  the  same  time,  protection  of 
those  proprietary  aspects  of  the  research.  Therefore,  Jointly 
prepared  Phase  II  proposals  would  be  sul^itted  by  the  private 
sector  partner  and  would  contain  the  commitment  to  proceed  to 
Phase  III,  provided  the  research  is  successful  and  a  potential 
marnet  for  the  technology  exists. 

Phase  III  {PevelopmentaX  Perforfnance  and  Funding) 

A  developmental  phase  III  is  provided  by  private-sector  funding 
to  commercialize  the  technology.  The  performance  period  cannot 
be  Clearly  defined  and  depends  upon  the  technology.  Funding  might 
come,  as  in  the  case  of  SBIR,   from  large  industrial  firms. 
Federal  technical  agencies,  venture  capital  firms,  joint 
ventures,  r&d  limited  partnerships,  advance  purchase  orders. 
State  development  agencies,  and  other  sources,  including  the 
small  firm  itself,  provided  that  its  assets  are  sufficient. 


Consideration  for  "tess  Funded  Research  Institutions"  (LFRI) 

Review  of  Federal  research  awards  indicates  that  among  those  185 
institutions  normally  considered  as  ''research  universities," 
approximately  80%  of  the  support  went  to  the  top  55  institutions. 
The  Foundation's  experience  with  the  SBXR  program  shows  similar 
trends,  m  this  instance  eighteen  of  the  fifty  states  received 
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AjjMt  07%  Of  the  awards.  Consaquantly,  then  sppaars  to  b« 
jtistificaticm  for  a  spaciaX  ccmsideratlcm  for  awardia  to 
invaatiffatora  in  l.F9X*a  and  in  atf  cas  whara  tachnologically  basad 
•emoaic  growth  haa  not  occurrad,  providad  tha  raaaarch  waa 
Judgad  aaritorlmia.  Xn  many  instancaa,  tha  LFRX'a  may  not  hava 
aaf flelMt  facilitiaa  or  Instmsiantatxon  to  carry  cmt  tha  work  aa 
affiolantxy,  Tharafora,  if  tha  objactivaa  of  aaauring 
participation  of  lasaar  raaaarch  inatitutiona,  mim>rity 
Inatitutiona,  and  intitutions  Xocatad  whara  ragimal  davlos»imt 
by  proaoting  acmomic  growth  through  tachnoiogy  ara  to  ba  mat. 
mam  apaclal  critaria  must  ba  included  in  tha  avaXuation  procass 
that  taka  account  of  the  particular  circumatancaa  of  thasa 
par  tioipanta. 

Tk^  Foundati  n  already  haa  special  programa  of  thia  type;  foi 
axaapla^  tha  EPSCoR  program.  Basad  m  thia  a9q;>arianca,  regional 
aoonofiBic  development  potential  must  ba  accorded  major  ixnportanca 
in  tha  proposal  review  and  evaluation  procaaa,  Propoaal 
avaluation  criteria  can  be  developed  which^  while  continuing  to 
inaura  high  quality  research,  emphasisea  tha  imu^vativa  nature  of 
tha  project  and  the  relative  local  economic  banaflta  of  high 
taehnology  business  development*  Grantee  aalaction  would 
M^tiaaiza  technical  merit  in  conjunction  with  c<»iwiarBiaXiaation 
potmtlal.  The  proposal  screening  and  review  prrcaaa  would  folXm 
tha  general  procedures  used  in  the  58XR  program,  except  that 
Induatrially  based  reviewers  would  be  used  extensively  to  aoraan 
for  cossnarcial  value* 

moXm  of  Small  Business 

While  it  can  be  argued  that  private  sector  participation  in 
Phaaaa  XX  and  ill  should  be  open  to  all  firms,  there  ara 
arguments  for  restricting  direct  participation  in  CUIR  to  small 
buainaases  as  research  partners.  Most  large  firms  are  already 
wall  coupled  to  the  university  research  community  and  hava  other 
avanuaa  for  cooperation,  it  would  be  counterproductive,  for 
example,  if  large  firms  were  to  substitute  CUIR  program  funds  for 
their  ongoing  university  research  coiwnitments-  Additionally^  some 
of  tha  most  effective  technology  transfer  paths  hava  baan  between 
university  research  and  small  high-technology  firms.  Larger 
firms  often  enter  the  process  for  technology  licensing, 
distribution,  or  even  acquisition,  when  market  pressures  overtaV'a 
tachnoiogy  development.  In  addition,  the  small  business  path 
of fare  tha  university  researcher  the  opportunity  to  participate 
in  tha  further  development  of  a  small  firm.  The  partnership 
portion  of  the  program  should  be  limited  to  small  business 
participation,  at  i"  i  ;t  during  the  pilot  stage  of  the  program. 
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2X1  •  RECOUPMBFfT 


concept  untrerxylng  the  -recoupment"  of  research  expondituroa 
ia  tliat  profits  steroiaing  from  "successful**  projects  constitute 
input  to  a  fund  which  supports  new  projects.  In  theory,  this 
would  mmkm  the  program  self-sustaining.  This  provision  entails 
^blwis  in  its  administration  for  the  Government  and  the 
university,  and  may  tend  to  limit  suOsequent  private  sector 
capital  interest  m  the  program.  The  recouimient  concept  was 
considered  when  the  Federal  patent  procedures  for  small 
businesses  and  nonprofit  institutions  were  revised  in  1979 
Recoupment  was  dropped  from  the  legislation  at  that  time  because 
Of  anttcipated  implementation  difficulties-  Implementation  of 
reeoui^ent  is  difficult  because  it  requires  specific  definitions 
of  project  success  or  failure,  as  well  as  the  terms  of  repayment. 
Theee  questions  are  discussed  briefly  in  the  followina 
paragraphs.  ^ 

Wje  administrative  problems  relate  to  the  filing  of  patents  by 

s««ill  business  partner,  and  the  subeeguSnt 
S2I^?iK  °£  Pf^«2^»  or  rights  by  these  parties,  should  these 
b«»^the  basis  for  implementing  recoupment.  In  this  regard,  it 
is  important  to  establish  levels  of  license  fees  or  royalties 

SSaS  ^  ff^^f®^       recoupment,  Another  concer;i 

if  ?    to  capital  investf^nt  potential,  one  of  the  major 
SI  i^iS^?!^.?*!?®*-^®  program  is  enhanced  economic  growth 

^JJ^^°^^l  requires  the  influx  of  private  sector 

l^^^"^  stages  of  the  program.  Private  investment 
sources  might  view  a  recoupment  provision  as  an  '*enciMBbrance-  on 
SL^2rI!^«??l[;  Thus    recoupment  might  well  inhibit  the  influx  of 
S  ?         ^''f  ^5^^®  important  objectives 

Of  regional  economic  development  and  technology  transfer. 

Additionally,  the  requirement  of  "recouiwnent-  or  '•forgivable 

several  important  questions  of  definition  in  its 
S  -n^S^m!^""!; J??  f^"^  le:  who  pays  back  the  original  "loan," 
the  academic  institution  or  the  private  sector  business  that 
eventually  commercializes  the  technology?  Second,  what  is  the 
basis  for  the  recoupment?  Is  the  basis  to  be  a  royalty  on  units 
produced,  on  sales  volume,  or  on  the  profits  of  the 
commercializing  firm?  if  the  basis  for  recoupment  is  to  be  a 
university-owned  patent  obtained  as  a  consequence  of  the  grant 
?Sf 2??  ?  institutions  may  not  be  too  keen  on  accumulating  present 

df V"".  ^f^^w^  ^   ''^f'?^'  P^^"  A  ^OTB 

difficult  issue  is  the  question  of  and  criteria  for  ^success." 
HOW  is  success  to  be  measured  and  how  is  ownership  to  bs 
apportioned?  Finally,   ^forgiveness''  criteria  must  also  be 
SJIIf    ?!    ^  ^''^^  *^f"  projects  which  are  not  successful. 

Thus,  the  recoupment  requirement  envisioned  in  the  legislative 
proposal  raises  many  questions  of  a  legal  and  economic  nature 
wnich  might  well  jeopardize  the  benefits  of  the  progi«iin. 
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ItJBmrm  aro  possible  organlisational  mechanlana  which  couXd  l»  usad 
to  ovarcome  th©  above-listed  problems,  AnKMig  these  are  limited 
BBB  ^artnerehipe  in  i^ich  the  supporting  agency,  the  academic 
inetitution^  venture  capital,  and  the  private  aector  saall 
tmelneee  beeoM  partrars*  Most  Federal  agenciea  end  academic 
inetlttttione  lack  experience  in  the  role  of  putting  together 
auch  an  organizational  structure*  Indeed »  some  ecademic 
Ine^itutlonB  may  find  such  a  role  inappropriate  for  thM  as  non- 
profit educational  entities-  Thus,  implementing  such  an  epproech 
could  become  a  mejor  administrative  problem. 

Since  the  program  seeks  to  stimulate  early  innovative 
developmant  followed  by  larger  £i.rm  interest  or  investment,  the 
Ultimate  aim  is  to  create  investment  opportunity,  stimulate  new 
product  sales,  and  obtain  profits  and  growth.  If  the  program  Is 
euooessful.  It  should  stimulate  and  provide  Inccrtives  for 
growth  of  the  GNF.  Since  revenues  from  federal  taxes  amount  to 
about  twenty  cents  of  every  GNP  dollar,  this  type  of  eventual 
payback  represents  recoupment  in  a  very  real,  albeit  indirect 
eenee. 

Direct  recoupment  based  upon  license  fees,  or  other  coaq;»iex 
contractual  proc<  Jses,  provide  investment  disincentives  and 
inhibit  economic  development,  thereby  preventing  accomplishment 
of  program  objectives.  Patent  end  license  questions  between 
universities  and  the  private  sector  remain  their  mutual 
raaponsibillty.  the  sponsoring  agency  should  not  be  placed  in  the 
position  of  becoming  the  focus  of  recovering  costs  of  successful 
government^ funded  research. 
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XV.  PROGRAM  rEASZBXMTY 


^kJ^***"^  exp«rlenca  of  with  the  SBZR 
pzogrm,  it  appears  that  a  program  structured  as  outlined  a^om. 

Progcaa  AdMiniatration  Needa 

«»  aitainistration  and  management  costs  are  estimated  at  aft 
the  program  costs.  This  figure  provides  for  prlg?|«  staff 
«d«inietrative  personnel  costn,  and  proposal^^iuatfjn "ipeneea. 
Evaluation 

Tr^''tlT'^2.Tnrinl  tS^t'^uSiJrfor^^S"  ^2  ^jj-sf^^^'^ 

suggested  that  "baeeXine  data"  on  the  technoloov  tran^^r  «f 
f!^fr\  ^"l"''^  entrepreneurial  attributes  ^^^e^Marc^ 
It^tll  ^  obtained  to  the  extent  possible.  Budgeting  1%  of  the 
program  funds  would  provide  significant  evaluation  dita. 

Progrea  Insplejaentation 

?he*SBJroS;ra»*  SffH"""  the  same  process  as 

«no  SBIR  program,  with  a  solicitation  issued  annually  allowing 

i^irC^'^^iSIfa'^ti  ^IT^T^'  areas'?rtii^4ou":^i2fo„ 
WiS  reSard  to  ei!oih?M^f  Z''^"  identical  with,  the  SBIR  topics. 

ff    *°  eligibility  for  submitting  a  proposal,  all  f-eui*^ 
S^SSpJJe"^^''^    institutionB  would  bl  enSS^^Ii'to 

Scrand'enoif  "''^''^"S^'""^         support°of 'SducScnln 

fsf  p  engineering.  Thus,   the  ranking  of  a  CVXH  program 
among  the  Foundation's  priorities  lies  below  those  inl*i?f n^<„oo 
for  supporting  rcientific  and  engineering  research/JlJJ^dSiuate 
enhancement  of  scienci  educatloA .  ISJia  the 
nrf"*'  '        "  P^^'^^"'  extension  Of  tS 

efforts  are  the  Federal  mission  agencies  and  the  private  sector. 
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ntvnfora,  onm  approach  to  achieving  tho  technology  transfer  and 
aoonosic  growth  objsctivea  of  a  CUIH  program  is  to  turn  tha 
support  of  Phase  XI  pro;)actB  over  to  the  mleaion  agencies  or  thm 
private  sector. 
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V.  sumftRy  or  REComE^ojiTxws  akd  cokclusxons 

Tha  FoundAtion  bolieves  that  the  outlined  CUIR  program  can  ba 
mcc«80fuXly  Implemantod  on  an  experimental  basis.  The  following 
•S^oific  ^laments  characterize  the  recoitmiGnded  expsrimental 
program: 

*  the  CUIR  program  solicitation  would  parallel  the  SBIR 
solicitation  topics, 

*  all  f acuity  at  r«?svarch  institutions  would  be  encouraged  to 
participate, 

*  Phase  I  feasibility  project  would  be  for  six  months  with  a 
maxiimixn  of  $50K, 

*  Phase  II  research  program  would  be  for  two  years  at 
$250-300K,  performed  jointly  by  a  university/industry 

partnership, 

*  industrial  partnerships  would  be  restricted  to  small 
business  with  Phase  III  foUow-on  funding  cominitmont 
required, 

*  recoupment  would  be  excluded  because  of  implementation 
Problems,  and 

*  an  evaluation  component  would  be  included  ,     the  outset* 

Implementation  of  this  program  at  the  Foundation  would  require 
specific  additional  budget  authority  to  cover  the  estimated 
program  and  staff  coats.  Evaluation  is  key  to  the  assessment  of 
trhether  the  program  works  in  expanding  high- technology  economic 
growth,  and  in  promoting  tha  transfer  *>f  knowledge  from  the 
university  research  base  to  industry. 


Howaver,   there  are  some  concerns  surrounding  the  implementation 
of  the  CUIR  program,  including: 

♦  The  Impact  of  tho  CUIR  rt^Hearch  on  other  research  in 
university  laboratories  li  proprietary  research  is 
involved, 

*  ii  Phase  II  awards  under  a  CUiR  program  are  made  to  small 
businesses  to  assure  retention  of  proprietary  data  and  to 
promote  commercial  potential,   there  is  then  little 
difference  between  the  SBIR  program  and  the  CUIR  program 
outlined,  except  for  the  ownership  of  any  patents  resulting 
from  university  initiation  of  the  project.  While  colleges 
or  universities  cannot  be  awardeos  under  the  SBIR  program^ 
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th©  SBIR  ytiitutc?;  doffG  not  ri?etrict  their  partii;ip3tion, 
Although  tho  Small  Buiilnor,i5  Administration  policy 
r€?stricts  tenured  faculty  Crom  «ctving  as  principal 
investigators  borauf;r  of  thoir  prJmriry  university 
employment,   roughly  fifty  percent  ot  the  Foundation SBIR 
qrnnls  pres€?ntly  havo  nomc  college  and  university 
participat  ion. 

Thore  is  little  chance  that  CUIR  could  bocomo  aolf- 
sustaining.  Thun,   implementation  of  thin  profjram  could  come 
at  the  expense  of  higher  priority  rosoarch  efforts- 

Because  mission  rigenrie^  would  tend  to  reap  greater 
benefits  from  the  products  devp loped,  these  agencies  would 
be  more  appropriate  lor  the  program *s  implementation. 


in 


820 


APPENDIX 


ILLUSTRATIVE  EXAMPLE  OF  PILOT  PROGRAM  COSTS 

One  Of    he  ma3or  objectives  of  the  pilot  CUIR  program  Is  to 

whethor  utamumting  the  academic  research  comniunity  to 

Interact  with  small  busmesn  can  roduco  the  time  lag  between 

lnveBtm«nt  m  academic:  resoarch  and  the  first  Introduction  of  a 

coroaercial  product.  The  aver.^qe  time  lag  for  this  process  has 

Doen  estimated  by  several  roncarchors  to  be  seven  years  The 

success  of  a  pilot  cuiR  program  in  addressing  this  objective 

depends  to  a  large  extent  on  the  academic  coirenunity's  response  to 

^^/^^^r  This  response,   in  turn,  governf  the 

coar  ox  the  pilot  program. 

Estimated  Prograw  Costs 

response  of  the  university 
research  community  t<..  a  culR  program.  However,  it  would  not  bo 
unusual  for  a  new  program  to  stimulate  the  receipt  of  1  000 

in- 1  ratio  of  proposals  to  awards  for  Phase  I 
would  result  in  ^oout  lOO  awards  (each  at  S50K)  during  the  first 
fir^iiT^i^  require  a  firut-year  budget  of  approximately 

65  million.   In  subsequent  years,   additional  costs  beyond  the 
annual  Phase  I  budget  of  S5  million  would  be  incurred.  These 
result  from  the  annual  award  of  approximately  40 
Phase  II  projects  at  S250-300K,  or  about  $12  million.  This  would 
LvJh"*   .^f^^f''  ^"  ^^^^'^  out-yoars  to  about  S17  million.  In 
pkL-  ?^  ""^^  °*  ^  five-year  pilot  effort,  another  40 

Phase  II  projects,  selected  from  among  the  fifth  year  Phase  I 
^"Hl'Tl  "^i'^''  require  a  budget  of  about  S12  million.  Thus,  the 
complete  pilot  effort  would  require  total  program  funds  of 
S85  million.  Table?  1  summarizes  estimated  cost  elements  by  i^ar. 

X'T^.^^  J-    .^Vij!5gry  of  Estimated  Costs 

''''V?."^--!    yf'sr-  -?  3    year  4    Year  __5    year  6 

rif?^r4-'^°f!'  ^^"^^        S17M        S17M  S12M 

Administration 

Cost*"^''''*^'^  ^^"^^^^  ^^'^^      ^^-^^  Sl.OM 

*  Administration  wind  Overhead  exponsos  were  estimated  at  8%  Of 
the  progrnu!  co:,ts  and  include  ^.taff.   pronosal  evaluation  and 
processing,   j;^  v;oJl  ,15^  pronmm  evaluation. 
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NATIONAL  SOrNCt  f'OLiNf?AT»ON 


November  29,  1986 

orwct  p*  TMt 


Honorable  Robert  A.  Roe 
Chalrsian 

CoQU&lttee  on  Science,  Space  and  Technology 
U.        House  of  Representatives 
Kashington,  DC  20515 


Dear  Mr.  Chairman: 


As  the  Cof^ittee  requested  in  its  report  accoiapanying  the 
National  Science  Foundation  Authorisation  Act  for  Fiscal  Years 
1989  and  1990  {H.R*  4418),  2  am  pleased  to  enclose  an  FY  1988 
list  of  awards  for  research  involving  acid  rain. 

Over  the  past  three  years  research  related  to  acid  rain  has 
increased  steadily  frcwa  sixty  active  awards  in  FY  i986,  to 
sixty-three  in  FY  1987  and  sixty-eight  in  FY  1988.  Funding 
levels  ranged  from  Sl,49  million  in  FY  1986,  to  $2,30  nillion 
in  FY  1987  and  Sl-97  million  in  FY  1988. 


There  is  strong  interest  in  this  research  area,  as  evidenced  by 
the  increase  in  number  of  awards.    The  decrease  in  dollars 
between  FY  1987  and  FY  1988  derives  from  awards  initiating 
large-scale  experiments  on  the  nitrogen  cycle.    After  large 
start-up  investments  in  FY  1987,  lower  levels  of  funding  are 
providing  the  support  necessary  to  continue  these  experiments 
in  FY  1988. 


We  will  continue  to  monitor  awards  for  fundamental  research  in 
this  environmentally  and  economically  important  area,  and  will 
be  happy  to  supply  you  with  award  lists  in  future  fiscal  years. 


Sincerely, 


Erich  Bloch 
Director 


Enclosure 


cc:    Honorable  Manuel  Lujan,  Jr»  w/Enclosure 
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Acdd-min  MUM  AAxdft  in  lY  1988  (insliidlngr  itfmwK»»  to  fanajwts 
mgoia^  in  n  1968  Clsidid  in  maclimr  fibcaal  ywrv  but  nre-tindBd  in  R  i8}. 


A«  Claxioi  Mal-MM  OmxmXmriMMm  201        am  in  FY  68 

U.  Uamii  of  Ittpo^teic  Acdd  sulfM« 


ERIC 


12  «as,  $80,000 

G.  BlAcIc  HiotoGhHistzy  md  Kinrtdoi  101        Zero  in  FY  88 

SRI  ci  Mao^wric  SulfUr  Sfadm 

U  mm.  $^,900 


J,  itoitem  KiniUc  StndiK  d  ^.ilfUr,  101        $  9,800 

W»  KUIfi  Hil0C|BH,  ^fibooiD  And 

Ksnwd  Cb^ygm-Oontainuig  Micals 

12  HOG.  $98,000 


R«  Oictexwn  ctRVBCtisn  md  itxjpcmptmric  10%        S  iSyOX) 

U*  Itaiyland  Taam  Gsaas 

12  MS.  $180,000 


A.  Bsn^  Cferalc^Mnt  md  Di^cyMnt  l(^        $  20,000 

Stuping  the  AtMHiwiic 
CStMidstry  of  rwOTM  sulfur, 


12  MB,  $200,000 

J,  jfttxpeto  MBmiTMBnta  of  GusouB  Nitric  201        $  9,000 

D.  Savoie  Acid  and  Hmonia  in  Marine 

V«  MiflBii  fiivizcivnts 

12  BOS.  $45,000 

P.  Mn»  Utorstory  iStudiw  of  201        $  22,000 

A.  I^/ma  lltj|aM|ijeric  SulfUr  Chsaistxy 

GBorgia  Ote^  12  mm.  $U0,000 

J.  Seinfeld  FUndamtal  Studies  of  10%         ?  11,500 

R.  Flagan  Gas-to-Botic^e  oanversian  in 

CXT  the  Ai3B0^teric  SUlftir  systen 

12  8X3S.  $11&,000 
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II. 


m  ItijMi  ailMv^tnrt* 
13  n«  $51,000 

fiM  OmOfiiHt  and  mUtatlcn 
or  •  3H0  OiMical  Jtoy 
Cor  OKiteition  SolAir  fim  nPKtii 


12 


$50,000 


v. 

OMCfla  neb 


XjbOEataay 


P.  DBvidovits 


n— lali|  of  doute  and  its 
Hols  in  ittMsitari 
cyclos 

12  $94,400 


0»  Gttvis 

R.  StldDBl 


F«  Rwland 

V*  Oed.,  Zzvine 


caouft  Ctiwtwr  ttud^  of  SO 
teiiMion  ty  Ckatatfticn  2 

12  n.  $m,400 

ttBtwugnuB  Unction  IMob 
of  doutf  and  fbg  croplata 
12  mm.  $1^,000 


Kinctioa  and 
12  m.  $54,000 


Ktmatftaeric  Acddity:  Ite 
Iky-O^xaaitioii  of  Nitric  Acdd 


$129,999 


12 


Jtedd-BBM  ChMiatzy  of  Mrim 
Air 

12  MB*  $111,000 


A  Vtaai  dtawdolat 


of  M«iim'ic  Dnaaa 


$164,900 


12 


IMioactivi 
mwti^tticn*  of 
BMctiona  of  martial 


12  ».  $90,000 


201  $  10,200 

20%  $  10,000 

20%  $  1S,900 

20%  $  2S,lO0 

20%  $  25,000 

10%  Zero  in  FY  88 

20%  S  26,000 

20%  $  22,200 

20%  Zero  in  FY  88 


10%         $  9,000 


ERIC 
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tttlVtbntifliv'mal 


P.  MMasy 
0.  KinMota 


v.  of  ttabingrtqn 


l«iMingr 


p.  Stcudler 
Iteim  atblogical 
lAboratscy 


Pmi  state 


Itediingtcn  state 


Vlxginia 


P.  Holte 


IX  Jaocte 
Haxvaxd 


6  aw.  «sa,oeo 

fibiUM  of  dfMd  fSmiffte^  cn 
tliittaofa2« 

12  n«  919,999 


Hm  Qi^lml  Q^poodticii 
VkKlpitirtJm  «t  o  Stuttafistam 
Odm  Sits 
12  ^,500 


Xir<lfiuA  SUlfUr 
DioBcUla  Cbdikstijon 
12  MB.  $145,000 

Diaulgicte  fiBiflBim  tan 

And  Bssvul  fbiBsfcs 
Alcng  an  Acdd-tein  Gtadimt 
12  warn.  $127,400 

Stilly  of  mmgif^mijOBl 
X^DOBHBs  Awociatid  vith  tha 
Htmsyharic  Rnwal  oC  Modstune 
anA  %Ke  dMBicala  toy  Radpitating 

12  mos,  $100,000 

Opganic  ItoidB  and  JUdeisyito  in  the 

12  MS*  $66,000 

3te  cyctling  and  Dspaoition  of 
ailfur,  Idtxogen  and  C^t^anlc  Acids 
Over  tte  Horth  Atlantic  Ooom 
12  mam.  $87,000 

Suitor  in  Narina  NtmoBj^terBi  A 
Qantiimatiori  to  tte  oactel 
At3iDi|tviric  flwBilftey  Huiiaiu 
12  aos*  1^00,000 


201 


201 


201 


201 


20% 


101 


20% 


101 


$  8,800 


$  4,000 


Zero  in  nr  88 


$  29,^ 


$  29,500 


$  10,000 


$  13,200 


$  8,700 


Pilt  Txwpatt  and  Qnistxy  of 
Tcaoe  facias  in  the  Tivpcj^iiere 
12  WOB,  $62,500 


10%       $  20,000 


20%       $  12,500 


ERIC 


8 


4'  I 


n/JMtltiAim 


cnUtmOm  A  X*lmtey  Staler  of  ailfirt* 

0,  MtamM  mad  Mind  siilM»4litx«t« 

Sims*  S9l,OD0 

Hn  DiiwiTH—ir  ifil  Wlilnrim 
a  3-P  CbMioftl  ttmiii%jml  Iteritel 


OaoK^ia  neb 


IcdbOKVtosy 


P.  Dsvidknritz 
Bdstcn  CbUage 


H.  CdlaradD 
&  Hwbert 


lU  GharOMn 

D«  Davis 
GngiA  tell 


D.  Col.f  Zxvine 


12 


950,000 


Umi  CbmUtxy  of  Ctoite  its 
Rote  in  AtnfiiiKic  Ctaiicsil 

13  ae».  $M»400 


OaoA  Ctodm  Study  of  SD 
12  m.  $125,400 


RBacticn  Rates 
of  doudl  and  Bog  CKoplets 
12  mm.  $125,000 


Kixwticv  and  MBdianiaB 
DfjostaOt  MxoqphaEric  BoactlonB 
12  aoB.  ^,000 

MBcailiBric  Jkddity:  Ite 
DcyS:«paBltlcn  of  Hitzic  Acid 
Vhpoc 

12  n.  $129,999 

Aciil-fiMO  Onistxy  of  Marine 
Air 

12  aoe.  $m,000 


A  VKiMi  PdtravioliBt 
an  il  I  ifi  I M—  It  irt  1  raVXi»eflr-indfaoed 
^  •  Smor  ftor 

of  AtMOpheric  !nnoe 


$^64,900 


12 


Radiooctiv*  l^non: 
IhwrtigBtiaiB  of  Scne  Gas-Rviee 
Rmrtiora  of  R^awtial 
AbnoqiiBrlc  fii^JCALtanoe 
12  worn.  $90,000 


201 


20» 


201 


201 


20% 


101 


201 


201 


20% 


10% 


S  10,200 


$  10,000 


$  18,900 


$  25,100 


$  25,000 


Zero  in  FY  88 


$  26,000 


$  22,200 


Zero  in  88 


$  9,000 
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iVitetituticn 


R«  SiflwriiiQf 
U.  QaXorodo 


J.  Klllfiy 

U*  Nosth  caztOlna, 


Titlflvaxsatlflfv/%tal 


sulfite  in  tte  Ibrine 
Bauidazy  myw 
U  mm.  $45,000 

nm  QMivtzy  of  hydrogen  Steraddfr 
in  Cloudi«t«r 
12  n.  $42,400 

Oigsiic  Acdils  in  Cbastal  Horth 
C^roOinB  teiiMtar 
18  moB.  $35,867 

Pdawicral  SiBilAtiions 
of  Icng^tage  Mlliitsrit  teinspcrt 
222  fti  and  210  R>  as  Itaosxs 
12  »3B.  $67,300 


101  S  4,500 

201  $  8,500 

201  $  4,800 

101  S  6.700 


5U9-tcAal  Atmospheric  Scioxss  Grant  Reseoixh 


Acid-Hain  Itelated  ItesAaxtii  at  NCAR  in  FY  87 


Divisioi  of  AtfflD^jheric  Sciarwes  Ttotal 


$397,800 
$200,000 
$597,800 


FRir 
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ffiLyifiltan  of  Blotlc  Systcns  and  Resairces 


a.D.  Aber 
U  New 

F.H.  Bonsam 
Yale 


C.T.  Ctisoall 


Cornell  U 


A.  Gibl  in 

Oentcr,  HBL 

G.E.  LJtens 
NY  Botanical 
Garden 


U  vn-ftadiscn 


Carpenter 
U  Notit?  Dame 


U  Georgia 


Chn  .ilc  ..itingcn  Additions  to 
FO",  iBSt  SoDsystfiBB 
U  »08,  $119,501 


Q:>llabca:^tiv!e  Reseftxxti: 
RyUrologic^-Nutrient  cycle  Inter^ 
ection  in  £«aall  UxU^tuxbod  and 
Maiv^Han^pultttfid  Bcosystoas 
12  SDS.  $183,687 

Oollobarative  Aesaazcii: 
Hydnologicj-NOtrlent  Cfclo  Inter- 
action in  aaall  tMisturted  and 
Man-Manipilatfid  £]Dc»yBit£SBs 

12  BDS.  $104,000 

Uvig-tarB  I&QSGanli  at 
12  IBOG.  $399,841 


Hie  dianging  Sulfur 
cycle  of  lakes 
12  SOB.  $206,765 

Collaborative  Reseein^: 
l^drr>logic-flutriEnt  Cycle  l7itca> 
action  in  Siall  Undisturbed  and 
Manipulatal  BaoBysstens 
12  noB.  $205,888 


Ocfi|>arativG  SUtHes  of  a  Suite  of  10% 
lAioss  in  wisccnsin 
12  mOfi.  $360,000 


Qollz^Dcrative  IteseaiTh;  Cascading 
Trophic  Inter^KAicns  and  the 
VarianoD  of  la3<e  Bao6>^i,t«SD 
Productivity 
12  woa.  $109,000 

Ctuparative  Studies  of  f^or^sted 
Watarshods  at  OMaeta  Hyilrologic 
laboratory,  North  Carol  ir« 
12  inOG.  $304,968 


701     $  63,651 


30%      $  56,106 


70t      $  73,000 


20*      S  80,000 


80%      $  lf>0,41? 


5m      $  102,900 


201      $  21,800 


30%      $  109,500 
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U  HlsccKin 


Qollaborative  Heseiutii:    C^sc^lincj  20%     |  19^^00 

Trophic  Interactions  anJ  the 

variance  of  Uilee  Bcasystaa 

ItaJuctivity 

12  aaoe*  597,910 

SldotctAl  Ecocystsa  Studies 

Grants  PmyiaiflK  $  747,469 


Davis 
J,  ftistx)r 
U  of 


C.  Jijm^ 
NY  Botanical 


M.K.  }>acrl 
V  of  fK 


O.K.  l*utx:tiBaa 


tesenic  in  IheziBal  ^ing  loi 
BocasystaDs:    DistriJbuticn  are! 
cycling 

12  aos,  $41,986 

Beoaistructingf  ftarest  StanJ 
Histories  and  Soil  Development 
Ftcn  I^eoocx^logical  iviiterx* 
12  aoK.  S135,92? 

HaJ:    Multiple  ^tanesB  Interact ic«K  100% 

an  a^ttonwDod  and  Iheir  Oieiniaal 

Maiiation 

12  noK,  $6,220 

njysiological  Bcoloqy  of  Cyivi-  20t 
bacterial -j&icxdbial  Ooreortirf 
ixiring  Oenmlc|jrai>nt  of  a  FOliferation 
of  NUi^anoe  BIoczqf; 
%2  BIOS-  §119,920 

Bclchf  Gnound  C  ^  N  Exchancjosi  uv* 
Bc^^geen  Plants  Oonnt^n^id  by 
Myoorrhizal  F\ingal  H^^phao 
12  n«5.  $47,f  &0 


4,199 


27,184 


4 ,  Ih') 


Paleoeoological  In\fle5;tigaticf^  of 
Rooent  /W:;idi  f  loat  ion  Trt-JiLls 

12  IBOS.  $140,000 


1CK)%      $  140,000 


H2S 


a.  Titus 
SUKy^Binghcontan 


A.J.  Shaw 


J.  Sppxry 
U  VT 


levels  of  ADfpcns^  to  lAkr 

AcidificaUcn 

12  MS.  $53,000 

CoiDtic  Basis  of  Hojwy 
ItolGTBnoe  in  the  Mogs, 

02  see.  $35,044 


McciiaiiiaDS  of  Xylcm  BBbolisai  in 
Trvt*  Species 

12  HCG.  §170^000 


10%      $  5,0CO 


10%      $  6,000 


5% 


IWal  ft:pul«tion  Biology  Grants,  I^tTjqram     §.  ^I'^^bOg 

5  *>V3.aii 


IVTlal  niviKidi  ct  Biot  ic  Sy:^t:£fir. 


Co  - 
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Division  of  turtfi  Scimxni 


HfiS/m: 


Syracuse  U 
C.I-T. 


I«.F.  Inland 

£.  Bamm 

BJim  State 

S.  Huitrr 
NAS 

J.  HarsJ? 


Si^port  fcs-  Scientific  Gtssaittae  1001  $  5,000 
CD  t^roblcBs  of  the  Divircmmt 

lUeolinnDlcxiy  wid  dinatology  ''*0|  $  31,638 
of  New  York  State  Finger  lAXes 

CKyvpen,  li^ydR^gen,  Qutan,  Siliocn  201     $  36,506 
and  Nitxiagen  Isotope  Studies  of 
Natural  Gccurrin?  Katei*ial& 

An  Uhder^radhiate  Resewixx^  ProgEram  Cfcntljwing  Grant, 

in  Ehrth  and  Atyccpheric  Scienoe  No  fun±s  in  FY  8B 


Ihe  Global  Ifl^r  cycle:  Itet,  50%  $  1,875 
PriesGnt,  and  Future 

Coupl€3d  Hodels  of  GtiociiaDicril  30*  $  20,000 
cycles  and  Cliiaate 

CYV^rtxirii^i^^'      the  Hytirological     20^,     $  8,000 

TTie  SUibility  and  5^u-lac5r  30*      $      -30^  401 

Chcsaistry  of  AllCfiwic  and 

Imognlite 


Itotal  Division  of  Earth  Sciemx?!- 
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in  Bapwiw  and  OriUgal  awinwarim  gygUrffj 


C.J.  Nc^sae 
Mailed 

Mydex  Qaip. 


syruruTiT  iJniv, 


Hifx;.  lnr;t  .  of 


pyi— Analysis  and  CJptimi ration 
of  Qivijctxiacntal  Models 
12  TBCJG,  $62,500 


100% 


SHIR— Rwas^  II.  RoodU*   aasurwnejit  100% 
of  Haze  Laycm  <M?x  Land 
24  DDG,  $199,605 


S  62,500 


7a:^\3  in  fK  88 


Sup|x>rt  for  the  Scientific 
QxaaittjQe  en  PTohltatti  of  thr 

jointly  with  c^iK?r  NSF-Prograsr; 
for  a  tcytal  of  $70,<K)0— entricr* 
li£;t4?d  separately,} 

FYI—  Crairjage  Basin  Ecosystoti 
Hcspoise  to  In|Uts  of  !;ulturic 
and  Nitric  P^i^  in  tlin 

17.  W3S.  $6?,5CK) 

Ecliiilibrium  Modi»lr,  of  Climiti*- 
Soil-Vogt!tation  Intrr.*ctif}ffi 
12  moR.  ^99,374  inc'luiinc} 
fnm  1987 


100% 


!>,000 


100% 


100*  in  rV  68 


K»  lal  Gauri 
l?^iiv.  of 
tnuiiTvillr 


Effects  of  Air  R>nutant^,  an  the 
Dctcrioraticn  of  H^rbl*? 
24  TODS.  $133,540 

Hirtoricsil  FIidces  of  ft>nuUintii 
tixDi  DoounvDliitlon  of  Sedimont.iry 

24  miif..  $1<31,322 

itexvirch  Initiation;  Modrling 
and  EstijEk^tion  of  Soil/Air 
Ctarrtuimin^int  Flux 
24  ajDS,  $59,923 


io(n    Sew  in  rv*  hH 


100%      S  102,901 


Itital  of  i^r'in;iBnwit^i  Brjintvrinq 
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T-C.  MeiextUng      IforblG  Weathesrli^  ai^  Mr  %     S  2^.9ff^ 

MlMticn  in  fi^tem  Harth  teerica 

TfatAl  for  SodUa  and  Econcr^c  Sciences  S_  

ItJtal  for  the  Naticnal  Sclcsice  ftmlatiQn  §1,974,796 


833 


T  ATIONAL  SCIFNCE  FOUNDATION 


WAbHINi.;TON  DC 


Deceniber  0,  1988 


orricK  Of  i*i£ 

OfftfCTOlC 


Honorablp  Robert  A,  Roe 
Ctjairman,  Committee  on  Sdonc!?. 

Space  and  Technology 
House  of  Representatives 
Mashlnqton,  DC  20515 

Dear  Mr.  Chairman: 

In  the  report  accomiwnying  H.R.  4418,  th«?  N5F  Authorization  Act,  the 
Conniittee  requested  a  report  on  actions  taken  in  r«?sponse  to  the  IS 
rcconmendations  in  the  National  Science  Board  Report,  "The  Role  of  the 
National  Science  Foundation  In  Polar  Regions,"  The  Coflwlttee  requested, 
furthf?r,  that  the  report  Include  a  review  of  environiiicntal  protection 
practices  in  the  Antarctic.    I  am  pleased  to  provide  this  report. 


Sincerely, 


Frich  Bloch  ^ 
Director 


Enclosure 


Copy  to: 


Honorable  Mangel  J.  Lujan^ 
Honorable  Doug  Walgren  \r 
Honorable  Sherjiwd  Boehlert 
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RfTORT  OF  HSr  MTIQNK 
RSRSUAMT  TO  T«E  NATIONAL  SCIFHCE  BCARt)  Wr 

AND  oe^  mjmjtemmi.  MATra« 

  TO  THE 

ccMKirn:!:  cw  scitiiCE,  sivvs:  ani>  irat^uicY 


In  the  ]icfx»±  aocoipanyinq  H-«.  4418,  the  KSF  Authoriz.it ion  Act,  the 
Oraitttec  mjuestod  that  "NSF  provide  a  n?pc3rt  Jty  Dtx7t^?r  1,  1988,  on 
actions  tnJccn  in  response  to  the  15  xtwoaaendationa  in  tr»  rrjxurt  of 
the  Natiofkil  scienoo  BooixJ,  "itic  Role  of  Uic  National  scienco 
Kxmdation  in  Volar  Regions.  •«  ite  Oaaaittf^  ptirticularly  requested 
that  the  report  inclu^  a  review  of  the  MSF  cwirorFKMital  protection 
procticBS  in  the  Antarctic  new  in  eff€X±  and  propoeed  ciianges,  if  any. 

ThiB  treport  lijsts  the  rift£?cn  NSB  rwonnOTaations  and  tho  actions  that 
haveboGn  t^kcn  thus  far  on  each  of  thesa,  EnvironinGnt^il  practices  arxi 
prcpDDot^  ciiangcK  ore  i^rt^isod  in  an  "DwitOTmcntal  Pixitecticsn  Agi^iJa,** 
hic^ligiiws  and  difsoission  of  whicii  are  inducted  in  this  export. 


NSF  itole  in  ftslar  Recjioiis 

TtiB  NatiOTdl  Scicaxae  Board  aoccpt^  the  R^rt  of  the  NSB  TnsK 
OdOBittee  on  KSF»s  Hole  in  Bslar  ftogicsTK  an  JXine  19,  1987,  At  that 
tiro,  a  rct^jcst  was  made  to  the  Director  to  pinEJporc  a  plan  of  action  to 
rtispond  to  the  Report's  recaatendations.  in  June  1988,  a  staff 
doojneJTt  was  issued  vdiich  presented  an  In|3lcsKSitatioai  Plan.  This 
rrpc?rt  to  the  Congress  draws  heavily  wi  tho  lBf3lc5!K?5Ttntion  Plan. 

in  int3X<lucijig  its  reoatnEndations,  he  NSB  Ccmmittee  noted  NSF's 
m-;titiitiix^i2  ixspoifetibilities  in  the  Balar  Regions: 

ItA  <^  inportant  scicsice  in  the  national  interest  to  be 
doise  >M  ^  Arctic  and  the  Antarctic.  The  N5F  opexates 
tht^  V?  -  V  ^^trctic  Program  and  has  been  dc^sigmtai  by  the 
Ax-xA.'.  ixh    and    Iblicy   Act   to   coondinate  basic 

reser  the   Anctic;    therefore,    the   ac^csicy  has  a 

prii^  ^  -  \  risibility  for  polar  science. 

Recscmaendatiwin  td  the  BoarxJ  OoOTiittoe  and  acticTK  in  rt-^nsc  to  tivsn 
follow: 

1,  In  both  polar  regions,  research  programs  xmist  be 
dictated  ty  the  science  and  engineering  needs  and 
opportunities  rather  than  available  logistira. 
The  CJotinittee  recoraoenc^  that  logistics  ck>rive 
frtn  and  s^^^port  the  scientific  researtJi  prngmra 
rather  than  dictate  that  program. 

1 
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Significant  rescazxii  that  can  only  be  dcaie  in  the  polar 
regions  includes  fcsr  exanqplcr  polar  effects  of  gidbal 
paleocliiaates,  studies  of  art:tic  hazo^  rRlatianship  of 
interamiial  variations  of  saa  ice  to  ciiioate^  pncxiuction 
and  circulation  of  deep  water  masses,  study  of  the 
tectonic  rde  of  Antarctica  in  the  IbfesOoqp  o^  Gcnduana^ 
c^tucHes  of  giviztammtally  stregssed  (eoctxioae  cold} 
ocgsffiisas,  evolution  of  biological  species  irhabiting 
polar  zegiom,  and  functioning  of  polar  terrestrial  and 
seurine  eoosystuus. 


Significant  irrprovCTerts  in  logistics  and  facilities  are  sought, 
incluiin^: 

o  planning  for  cooai^dimtion  of  arctic  logistics,  including  a 
ditBctory  of  Federal  legist  Icb  cap^ibil  itics  vjhich  is 
currently  being  pr^sared, 

o  ocsTstructicn  and  i^pgniding  of  laboratory  facilities  at  all 
antarctic  frt^ticsis,  and 

o  tailoring  of  ship  and  aircxaft  si^jport  to  meet  scicntsc 
noodB. 


More  specifioally: 

o  Scierx3e  ii^fxit  fo?-  the  r>£$)laoonKait  laboratory  at  McMUrdo 
Station  was  obtairwd  by  the  architect/esngineering 
ocntractor  at  several  regiorvil  roeetings  with  potential 


o  Sauith  BDle  logistics  have  been  revised  to  provide 
incraased  support  for  astroncmy  and  astrophysics* 

o  In  pr^jaring  to  obtain  the  ncv  rcseartii  ve^el  with 
iaebx>^king  capability/  KSF  sought  advice  frca  the 
University  National  Oceanagraphic  Laboratory  Systen 
(DWIS),  the  Wlar  Itesearch  Board,  and  the  Division  of 
Ftolar  Prugra'ift*  Advisory  (Xwaittee, 


2.  Iho  Oxflmittee  reoooaends  that  tho  NSF  establish 
and  ovfiTsee  the  operation  of  a  netwcsrX  of  research 
support  oenters  for  the  polar  regions.  Ihese 
colters  VDUld  be  s^pport^  by  the  NSF  and  managed 
by  universities  or  jarivat©  organizatioTs. 
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Stqps  have  bem  tatei  to  r^Ux  this  objective: 

o  !}»  pDlcu:  ioft  ocsringp  activity  at  the  Univeraity  of 
AlA^,  F^izisin^^  is  one  pc^^itlal  colter, 

o  K  csnsortiusi,  the  Arctic  Aeeeanii  oonscartiKw  of  the  United 
Stetes,  has  teen  foBOBd  that  has  the  potential  to 
oocxdimte  s^ppoii:  oeoiter  activities, 

o  ihe  reoenUy  issued  REP  f ot  an  antarctic  support 
oontJTictca:  ^wifically  alloro  for  the  ttmsfo:  of  key 
acienoe  si^}port  activities  at  ^Scnurdo  Staticn  and 
©Isei^KTB  to  an  <iCodteic  oonsottiifin  iratitutican. 


3,  Hie  OxBiittae  voom&ids  that  a  logistics  program 
be  establistaS  fac  the  Arctic  to  sqppasi:  NSF 
arientists  mA  research  projects  convicted  in  the 
nra:ti«nt  polar  regions.  All  logistic  K«wrt 
facilities  and  «iqui|went  in  both  the  arctic  and 
«itarrtic  pcogms  ehould  be  clearly  identified  as 
belonging  to  the  JBF  and  part  of  the  NSF  pnagri^, 
Ihe  JSF  prmgicas  and  leeaetBhip  in  research  at 
both  poles  itoild  be  visible  and  recognizable, 
ta«E*y  strengthening  the  research  netwcBck  throuA 
idenlrif  icaticn  with  the  M5F, 

IWiloe  the  Antarctic,  the  Arctic  has  an  indigiMWis  population  with 
associated  infti^tnicture  of  txmsportation,  shelter  and  the  liJoe* 
soae  csentxBlizotion  a£  logistic  m^pjport  say  reailt  fmn  the  locaticn  of 
office  at  the  IMversity  of  Alaska  as  well  as  fmi 
est^listaaent  of  tte  new  arctic  oonsortitra.  Much  logistics,  however, 
is  handled  sore  eff icioitly  ttoougfi  individual  grants  md  existing 
central  arran^ents  such  as  iwrajs,  vhich  coonJinates  ship  use  in  the 
Arctic  as  i«ll  as  other  araas,  and  the  Dgjartnrait  of  Interior's  office 
for  the  ooordlnation  of  leasing  of  aircraft. 

the  mandaticn  has  been  assigned  as  lead  agency  for  coor^inatiai  in  the 
Arctic,  but  it  is  only  cne  of  several  ag^icies  s^jporting  substantial 
reaoarch  ml  nonitcaing  efforts.  In  the  Antarctic,  ^rfiere  it  xn^iages 
the  U.S,  jTOopraa,  the  Ftxindaticn  can  and  is  doij^  imjch  rx^  to  incr^^se 
the  visibility  of  its  rede.  HoMver,  in  both  regions  KSF  places 
enphasifl  on  maxiaizing  the  effectivieness  of  U.S.  research. 


4.  As  Bandated  in  the  Arctic  Rsseanii  and  ftslicy  Act, 
an  assessmt  of  research  needs  for  the  Arctic  and 
dewBlotnent  of  a  plan  to  address  those  needs  are 
in  prt^ress.  A  similar  effort  rfwOd  be 
mdertatei  for  the  Antarctic- 
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trie  Odoslttee  leoiauqiOa  that  the  M5F  take  the  initiative 
in  coonlinting  the  develofnent  oC  an  iirteragmy  national 
polar  plan* 


ThB  azii^tic  pUn  •v'titiGned  in  itajuiwaUation  4  vos  pi^li^iad  in  July 
1987.  With  req^sect  to  the  /Maxrtic,  I^^entdtion  Plan  for  tte 
)G8  report  notes  Qaga  26} : 

IhB  U.S*  Antaictic  Ktigrra  (USAP)  is  planned,  ixx^etad  for  anS 
aanaged  lay  NSF  thoxi^  a  epocial  appropriation,  other  Peaeral 
agency  participaticn  in  antarctic  veseaxci)  oucurs  in  one  of 
thzm  nays; 

o  Itaolicited  pnaposals  to  NSF  ftm  investigators  in  cthar 
eqesndm  Wiicti  coBpete  for  parogrw  fUnds  through  standard 
poer  xwiff^m 

o  Directod  Ghcct-tezsi  programs,  wi^  their  rm  budgets, 
appxtwad  ly  the  Antan^tic  I^licy  Gnx^.  ITie^  piufidiim 
iflust  te  oooKdinated  within  the  franeucaic  of  the  K5F 
logistic  fa^TjTifrt.  systosu 

o  Jtoimt  pguixwei  with  USF  closely  related  to  cngoing  USAP 
researcti  pocojects  mA  cooxdinated  for  nutual  baief it  at  no 
additional  cost  to  the  VSAP. 

Tha  HSB*a  Division  of  Klnr  Ftograss  reoroguii^  its  iMar  Gbotdinaticn 
md  Infonsation  Section  to  include  rni  Arctic  Staff  and  an  Antarctic 
Staff.  Ihia  organizational  arrangaaatt  sha^d  fcK^ilitate  develofsoent 
of  a  oonbined  Rilar  Flan* 


5*  Ihe  CtBsdttae  endoraea  ai.  ^urages  ihe  conduct 
of  legjoaiU^  in  the  social,  health,  and  nodical 
acienoaa  in  relation  to  tte  extresfis  polar 
cnviromnts  and  for  which  the  polar  regions  are 
tmii^iely  suited*  <Ihe  Ocmittee  recxxsnends  that 
the  nSB  enoouragB  the  Itotional  institutes  of 
Health  and  other  appxcpriate  agenc^jes  to  si^port 
increased  health  and  mwlinal  scienoe  research  in 
polar  regions,  in  additioni  we  racoimcnd  that,  in 
ODoperaticn  with  such  health  and  medical  research, 
the  NSF  support  basic  social  sciences  research  in 
polar  regions. 

'Bib  Chaixaan  of  the  National  Scdenoe  Board  wrote  to  the  Director  of  the 
National  Institutes  of  Health  and  the  Assistant  Secretary  for  Health, 
Deparbaent  of  Health  and  Human  Services,  forwarding  tl^  IGB  Iteport, 
calling  attention  to  this  immamdaticn  mid  noting  that  the  sailor 
P)Dundatiai  contact  is  ttis  Assistant  Director  for  Biological,  ^)Ghavioral 
and  Social  sciences  (BBS) . 
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1^  tesistanfc  Secxctary's  vespcrmB  indicotai  the  ttnlijiBss  of  the  NIH 
and  other  cx^cnesttB  of  the  BMic  Heoltihi  Seivice  to  coop^nate  and 
designated  a  OfiS  contact  point.  m»  the  gramA^oric  fear  the  aedical 
md  health  acicnoe  effcat:  haa  been  laid.  With  raqpoct  to  the  social 
gcdenoBs,  ^  ZM^esagency  Axctic  Aossaixit  Bsdicy  CdBsaittee  (IMOCJ  is 
pitjwrijig  a  oocailinatBd  social  scienoes  is|>l€smtatlon  pleai.  ssr  staff 
flroa  DPP  and  BBS  an  participating.  itxit  initial  plan  ^lould  be 
available  ^xsrtly. 


6*  Further^  the  Ctnsdttee  reocBscndB  that  research  on 
the  aature,  history^  linc^iistics,  archaeology, 
and  iit^j^sical  mthropology  of  arctic  peoples  be 
fstablifihed  in  the  NSF  as  m  identified  and 
<9pn^»:iately  staffed  program  within  the  Divisioi 
of  ft^lar  PrograiaB, 

Mo  ftmds  vrers  budgeted  for  arctic  social  sdtTCes  in  FY  198S  or  FY  1989 
within  the  Arctic  Researcii  Ptograa  adminiGterad  by  CH^.  However,  a 
joint  xwiew  prxjoedure  has  been  develcped  by  DPP  and  EBS  to  ii^oamt 
this  rBoonaendation  as  funds  beooae  available. 

OJie  ^tetioncQ  toadGo/  of  Scienoes/Stolar  Iteseaixh  Board's  ctwnittee  on 
Arctic  Social  Scienos  is  providing  Bcioitif  ic  guidMioe. 

The  lARPC  plan  oaitioned  sSxnb  in  coraiection  with  naccraoej^ticn  5  will 
also  be  t^licable  here« 


7p  Oodicatfid  polar  research  vessels  are  mi  urgent  awJ 
critical  need.  Hie  scientific  and  stratijgic  positicn 
of  the  United  States  in  the  polar  regions  has  been 
fioricusly,  if  not  dangerously,  eroded  becax^  tim 
country  lacks  Bodem  ioe-<:apable  VBssels  (tedicated  to 
polar  research  in  the  Antarctic  and  Arctic.  OheirefiTO, 
the  Ooanittae  reooninen^  that  a  rosearch  vessgI  with 
i'.^43iBzi}dng  capability  be  aagiiired  for  the  U.S. 
Antarctic  Program,  and  that  a  rBsean^  vesaol  c^p^le 
of  scientific  and  aigineering  research  in  arctic 
also  b^  aaguired* 

As  a  first  step  in  i^eflroenting  this  reoOTnendation,  the  Foundation 
scuc^it  to  lease,  via  its  antarctic  a^jport  contractor,  nr/Antarctic 
ServioBs  Inc.,  a  resean^  vessel  witj^  icehroaking  capability  (RSOB). 
Ihla  procuTCTent  iios  canoelled  just  prior  to  isOdng  an  auard  as  a 
result  of  "Boy  Anerioan"  lan^iage  in  the  Ftoundation's  FY  1989 
appropriatioru  ReocK|)etitian  of  the  procurEraent  is  proceeding,  and 
obtaining  the  RVIB  is  a  rajor  step  in  responding  to  this 
rectuuxaidation* 
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8.  Mijcar  logistic  muxaiiaits  of  the  Antarctic  RropneBo  need 
ijpgrading^  indu^in?  tiie  KltiiUo  scdenoa  labotatcaries, 
living  quarters  at  South  M.B  Station^  UD-13Q9,  and 
lieaicc|A^a:»«  Private  t^ganizaticns  operatirg  on  the 
North  Slcpe  of  Alasto  have  ooquirad  expeo^^ise  in  the 
oKMtxuctlGn  and  ninbenmce  of  facilities  in  the  polar 
mfinmnt*  The  Ocnnittee  leuuiiuwds  that  the 
QDcpexation  of  padvita  oxganisatiois  and  indtatzy  be 
Boiiglit  in  the  oomtzuction  of  facilities  and  prairisiGn 
of  logistic  support  in  the  Arctic  and  Antarctic* 

N5F/TVP  use  of  technology  devalofsed  in  the  Arctic  for  antarctic 
GfiaratioRs  includes: 

o  Ihe  use  of  a  ouayantait  d  the  U«S«  oacporation  iM.ch 
telped  build  ml  aaintain  Ite  DEM  line  in  the  Arctic  as 
the  aajcr  civilian  oontxK^or  fear  logistic  supfxart  and 
operaticns  in  Antarctica* 

o  Ihe  1190  of  arctic-^G9cperi€noed  ardiitect  and  ^ineering 
finsB  for  mtatctic  facilities.  Tor  ex^isle  m  Alaskan 
firm  recently  selected  as  the  design  cuitractear  for  an 
air  tittfwpagtaabde  field  lalxaratcqry, 

o  Ohe  VBOon^  Tpcaxtv^  o£  tm>  Hagglunds  Bv206  txacted 
vehiclas  deweloped  for  arctic  travel  over  mm. 


9*  me  Gbmittee  reocnnends  that  health,  i^fety,  and 
OTvirtmental  protection  practices  icr  polar 
re&earcii  progcaiss,  especially  the  Antarctic 
Frogram,  be  studied  and  i^^graded  inhere  nooessary. 

Ote  Tepca±  of  the  U.S*  Antarctic  Safety  Iteviev  I^nel,  '^Safety  In 
Antazctioa**  (Jisnm  30,  1988)  is  a  ccRprehensive  ikxsms^  dealing  %dth 
envixcnoental  praetioes  as  well  as  sa&ty  ssid  health.  Its  72 
mxDBendaticns  provide  ^lidanoe  for  NSF's  future  actions  in  these 
areas.   'l\io      these  pscvide  an  indication  of  the  Report's  content. 

Hie  Miel  rBOcnaonded  that; 

the  Sofetyi  aivixcrnent  and  Health  Officer  [reocmnended  in  the 
report]  should  develop  an  environoental  cleans  master  plior. 
for  all  stations.  Amual  reports  should  bs  siteitted  to  the 
Director,  Division  of  Mlar  Itagrads  and  the  Noticnal  Science 
Rsundbtion  Director  on  the  status  safety,  environacnt  and 
health  pLujiam  snd  their  ijipact  on  Antarctica^ .  • 

the  National  Science  Fbundation  seek  a  one-tise  special 
allocation  to  ai^sport  an  expedited  environsental  clean-up  of 
McMurdo* 
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"^JS^  budgBtad  to  sqtFort  tho  coUecticn, 

^^^tion^  tetajgrading  aixVor  p«per  diapceal  of  all  nan^ 

Mso,   MSF  has  Issued  ani  Teaeivei  corcsits  on  on  "Bivi«»»an^ai 

SttG?r'  ^SJS!^  and  iwislcns  aade  so  that  tJ»  agenda  can  provl«te 
fii^  ^i?™*.f^lP^?9^  actions,  mis  agerdalill  be  ai^^d 
fittthBT     .  the  enviraiaentai  probecticti  portlaT^  this  r^jortr^^ 


^  enkases  plans  ft>r  tha  use  of 

satellites  In  polar  studies  and  tl»ir  sciaitlfic 
uae  as  pnyoaed  by  other  agencies.  As  the 
raooBMed  interagency  natioal  polar  plan  is 
y^°P^  CScoBittee  xeocnaEinis  that  t*her 
»iMB^  senate  atO/ar  autxnated  daU  oollecMon 
t«  funded,  and,  anx  in  place,  fUlly  utilized. 

oontlnaital  oaawnloaUons-Moice,  aessage  and  data.  The^Tare^T^^ 

to  sensijig  and  observations  far  oosm  and  atmatece  rasearchin«ie 

^e^roBBte  (TOSS)  ptwidtes  the  owrall  ozena  deoletioi  date 
spwmd-and  ballccnHaased  tAeerroticns  of  thefl^^v^' 
Haticnal  0««  ap«lltlcm  in  ^  *^ 

f!^^?^  exaninaticn  of  iotct  atnceiiiere 

Phenonena  a»  In  use  in  both  polar  regicnsT 

°  JfS?^  stations  are  In  use,  with  new  aix- 

OTDHi^e  stations  being  derolcped. 

°  proomanmt   of   autaaatic  gecfivsiml 

obeenmtOTifis  ftar  surfaoB-hased  <*5ervaUons^^^ 
atoEaqSieiB  piiencnena  is  under  way. 

°     .^I^^IS®*  C»«rated  Mehicles  (HOV's)  for 

exploratl«i  and  biological,  glaciological,  anS 
sediaentologioal  studies  of  sarij*  a«i  freshwa^ 
^iS'Sci^  undertaken  for  both  scientific  S 
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o  AutcDated  ultrwiolet  aonitsring  systoas  have  boon 
Instollcd  at  Soutii  KXe,  Mimr,  Ncftniio,  anSl  at  U^maia, 
ALijisiLlna. 


XI.  ISie  OBitteQ  uiiiigtiLlH  tte  U.S.  Hsn^^'s  VXE-6 
Squadroi  an  ti»  cxtxacaKdinary  job  it  is  doing  £dr 
tha  0«S«  jyttaxctic  Ptogran*  Hie  Gcienoe  oould  nc^ 
be  nrmipliriiBd  «dtlmt  the  dedicaticn,  sddUr  and 
iidllingpam  to  eer^  dewoiigtratea  toy  these  fine 
flierB  Sid  m^poact  gtbms.  Itay  should  xaaain  an 
integral  poirt  of  the  U*S«  Antaxrtic  Fn^gnsb. 
HoMevs-,  the  Oxnittee  amuluhlIm  that  the 
nmining  skfjport  ftaicticnB  cucrently  provided  hy 
the  U.S.  Naval  Si^pcart  Fbrce  Antaxctica  be 
zevia»l  by  Nsr  xnanagewtaot  for  possible  transfiear 
to  civilian  cxantractocs  as  suggeateJ  by  the  U.S. 
Kavy,  if  sixii  transfer  prtTves  to  be  the  taoet 
effidenb  and  oD8t-*e££ecti^^  opticn. 

Bf  agxKffBit  of  the  Itowy  and  N5F,  and  vitli  Antarctic  Balicy  Graup 
appsxnml,  the  nsptal  Supposi:  ftaxae  is  being  xec&ioed  by  74  billets  and 
tha  associated  functions  tzansferzed  to  Antarctic  Services,  Isk.  ^this 
change  %rill  nake  arailable  billets  to  allow  an  increase  in  VXE-6 
perscmel  to  xttUmw  fli^  hours  to  ihe  level  of  the  cerly  19809  to 
moot  science  prcgnm  needs* 


12«  Die  Qmittee  reacraaends  that  the  KSF  mle  in  the 
developaent  of  polar  policy  be  incxeased*  ihe  NSF 
^Kuld  beocne  laore  active  in  policy  analysis  and 
decision  nsOdng  on  arctic  and  antatx^tic  issues* 
I%3teRtial  policy  issues  and  p!ni:Q:CTs  diould  be 
anticipated  md  G|3tions  for  dealing  with  then 
d0Vi^o(?ed. 

ICF's  Arctic  and  Antarctic  Staffs  contribute  to  policy  issue  and  option 
analysis  in  the  polar  regions.  In  addition,  with  re^^ect  to  the 
Arctic: 

o  me  Diractcr  of  USF  is  Oiainaan  of  the  Interagency  Arctic 
Research  Balicy  Ocmaittee  and  15^  chairs  staff  and  iioztdng 
gvavp  activities  leading  to  inplententaticn  plans.  Tfm 
Director  was  very  influential  in  the  fbrsulfftion  of  the 
Azctio  Heseavdh  I^an  and  in  its  suooessful  oaniletion. 

o  Hie  Director  is  also  an  ex^ficio  ineinber  of  the  Arctic 
RBsearch  Odtnission  and  is  an  active  participant  in  its 
deliberations. 


6 


ERJC        99-306  0  -  89  -  28 


842 


o  Th»  NBF  jywiwtam;  Odxactor  for  O&narimam  and  »P  staff 
an  lio-ticipwtiiij  irltSi  tte  iRtera^ency  Acetic  Ralicy  Graf> 
(XATO)  and  tha  Acetic  Raaeavcti  Qaniasican  in  disotsBlciiB 
on  foscmingr  «i  mtearaticral  Arctic  sclms  oisBittoe*  A 
i:c|)ort  on  need  tar  audi  a  rrronittfiff  is  forthcoaing  and 
aeatingps  are  litely  to  ppaar  in  1988* 

o  Ite  Division  OdrBCtor,  Il¥  is  the  NS^  tepregentatiw  m 
the  Intaiayicy  Act±ic  Mlicy  G^roup. 

o  The  DizQctor  and  staff  sro  iimlved  with  the  State  of 
Alaska,  its  Governor,  and  Science  Advisor  on  such  matteans 
as  the  Alaskan  Scianoe  and  Itecinology  Ftundation  and  jo^nt 
FtadmralHState  roBeaxch. 

Hith  respect:  to  Antarctica: 

o  NSF  is  ora  of  the  throe  agencdes  cocfxsin?  the  aaane 
sfiBtecship  of  the  totarctic  lUicy  Gtci^*  Ihe  Assistant 
Dic«^x»'  for  oecscienaes  is  the  XSF  lOGBter  of  the  G^noif). 
At  thB  Ftundaticn'B  request,  the  Grxx^  is  now  aadressing 
tDuriaaa  in  AntaxcticB  (see  xieomendaticn  13} . 

o  ne  Division  Dicector,  VPP,  has  pcwided  leadec^iip  in 
estftoliflhing  m  intecmticnal  «K»5dng  tody,  ftamj&rs  of 
National  Antarctic  Ktsgraaa.  Objectives  of  the  Ixxl^  ave 
to  fhcilitote  discussions  on  oooBon  pcoblfiBB  and  thair 
solutions,  and  to  stinolate  incsi^aased  and  tegular,  dicect 
contact  and  ooRBuiication  aaanc|  national  pcogrsa  smagexs* 

o  IGF/OK>  staff  particiisate  as  dslegstos  in  Antaxctic  Iteaty 
Meetings. 


13.  Iturism  in  Antarctica  is  inczecsdng  and  can 
&x  ssbXy  affect  the  science  pgogtan.  Hhen  search 
Sid  rescue  operations  heoone  necessary,  tiioe, 
resoums  9XiA  i^litias  planned  for  science 
activities  are  lost,  and  life  and  property 
cudangBKBd.  Issues  acelated  to  tourim  md 
responsibility  for  tauristB  diould  be  addinstwd  by 
the  Antarctic  Treaty  Nations;  hOMSver,  the  NSF 
should  tate  a  leading  role  in  these  delibearations. 
Stxtn^ar  reoonsendatifins  to  ^  iteaty  Natimj, 
throu^  the  Antarctic  Consultative  Iteaty 
naetin^a,  are  encouragedf  Msv  agrececnts  ttid 
ptooBctoBS  are  noadod;  fbr  eDcanple,  om;ider2±ian 
should  be  given  to  licensing  to  assure  minijMa 
standard  of  preparettafiB,  indasiificBtion  or 
bonding^  assignsent  xespcnsibUity  to  countries 
for  their  citizens,  and  ImawnnR  of  international 
visas.     Htm  Oomtittee  xeocnmids  t^iat  national 
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Is^iAlatlci)  be  ani^  to  mmm  that  tourlstB  an 
fsqperly  Immd  or  IndBnilied  tefcm  they  visit 

aaadstaiOB  of  nnj^Msnrnttal  gzcups  wch  an  the 
jyntiaxctlcan  bociety,  tlw  &(piaraB  dv^,  anl  tne 
Alpina  Cbt}  in  dsvelcping  a  inAuittazy,  responsible 
set  of  guldalinw  tsxc  touriaa  in  the  Antarctic, 
lyeni finally »        in  polw  zcgiflne  in  gsieral. 


With  x«pect  to  TtMriaa  in  Mtarctica: 

o  An  analyaia  of  the  oanstltuticnality  ml  feaeibllity  of 
mxh  Ie9iBlatiai  is  being  oonducted  the  Office  of 
Omaral  ODuneal^  NSF. 

o  Htm  Antarctic  Mllx^  Gcoqp  is  ocndixrting  a  study  of 
eodstinDf  OEtea^  zeomKndstionB  and  natienal  legislation 
with  xegmd  to  further  octicns  en  the  touriaa  issue. 
Indixled  is  the  strengthening  of  the  xegulations  and 
cnforcaaent  imder  the  Antarctic  oonsexvation  Act. 

o  The  Director  and  staff  mgi«Ls  of  tXP  are  wxking  ^ixougfh 
both  the  nairly  organized  ttenagers  of  Kational  Antarctic 
I^sgraas  group  aiiS  the  Aiftuctic  Cdnsultative  Treaty 
fiaotingB  piuueas  to  fbsmilate  a  oode  of  conikst  for 
tourists  in  AiAazctioa.  An  outline  of  a  prv^utmi  code  has 
been  pwparBd  ty  R5F  md  is  the  basis  of  ongping 
discusaions  aasnci  national  pmyiaa  cperatoTs  and  l^reaty 
OonsultatiVB  Parties. 

o  Ihe  HP  Z^visicn  Director  and  staff  have  net  with  tour 
operatosB  to  dlsnww  the  envinxnental,  safety  and  pcugnmi 
isifAC^  of  the  tours* 


14.  Hie  CXnnittee  rm^wmenOa  that  basic  engineering 
reseanis  be  condKioted  in  Uie  polar  regions  and 
that  it  be  a  specifically  targeted  research 
iAii|)UjB]t  of  such  pnagtaiB  to  develop  the 
engineering  IcnovXedge  zeguixed  for  opcsration  in 
the  polar  arvirmntt.  Ihs  aiyctyiiate  NSF  unit 
to  undertato  basic  engineering  research  in  oold 
regions  is  the  &cfineering  Cdxectorate. 

&iginaering  Dirsctoi-ate  and  CfP  psrscmel  are  wiidng  together  to 
isplesient  this  remnucaihticn^  A  woidcEhop  with  participants  trm 
acadasda,  gowernDont  and  professional  societies  is  being  held  in 
DeoBPter^  1968  to  further  refine  xeseani)  priorities. 
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15.  Mmlly,  mS  wemt  luaortantly,  hiCT»»w  of  tiMi 
aacgiting  ml  cxitlcsL.  moUkkm  ttett  can  and  Aould 
bm  dam  in  tte  polar  xngiiM,  as  itom  In  tha 
ODmdttaa^a  xwiw  or  v—iMirfi  ciapoctmitiea  in 
^dlar  flcianDB,  ue  rtxongly  sKOHnl  that  the 
funding  polar  admoB  ttMww  it  is  {seaently 
a^ipcrtad  within  tta  hm  immamad  to  a  Xe.  1 
tktim  that  tulg«tad  ftor  Maoal  Utar  1^  within 
th*  naact  3  yaam  mS  ttat  tha  awiiyatfrt  loq^-tic 
•iqpfmrt  ba  put  In  placa  as  acimtific 
cpportunitias  and  naada  dicstata. 

2^  fY  1989,  tte  lud^  for  tha  Arctic  nmmii  Ftogm  is  $10.3 
Milli»#  a  $2  ttiXliun  inoraftaa  cMor  tto  ptavioua  yoar*  mis  is  a 
aufastsftlal  stmi  toMuiS  doiAding  tte  budget  for  aicitic  lusaar^u 
ftaMBvar»  givan  tte  meav  isrlaritiaa  within  tte  Diiactomta  for 
OioaciencBB,  vhich  indute  tte  Arctic  niiiniMi  li  Pasqm,  it  is 
qunticnal^  i4iatter  tJiis  rata  of  Isudgat  incvaase  cm  te  miiitained 
0v«r  tte  nBDCt  faw  yaazs. 

%a  ovarall  incaEaaaa  aXlouad  by  oongiass  for  FY  1988  to  Ti  19S9  tcac  tiiB 
U,B«  Antarctic  RcgKan  was  5.0  parent,  %«iiGh  %«s  anallar  ^lan 
raqnaatad.  2^  ii|>ita  of  tiiis,  tte  Antarctic  BasaaixA  Knograa  raoBivad 
tiia  full  $2  niUicDf  GET  14*8  paroant  inczaasa  xwiUBatad*  H.wuvm' ,  tte 
incxaaaing  tijst  a  of  cparstions^  ocsnstruction  and  pcDoucasBi^  naoBaaazy 
to  pcDvida  acianoe  ai^jport  and  to  met  awizcraental  psxAcction  naods 
laay  flRdce  it  difficult  to  actiieve  tte  doiisling  of  funds  fbr  antaiictic 
ZG8ean:li« 


OivrirQiiaBntal  Itotacticn  l^actioos 

Significant  activitiaa  aca  under  wy  to  oontinua  isptcvafint  of  U.S. 
Antazctic  I^rogm  mrironBcntal  protertion*  Iteae  aTticns  maixiri  to 
boUi  tte  HSB  and  Safety  Auiel  zaports.  An  Bivirciiaental  Protection 
Agmft  MB  pui>lishBd  for  piAslic  u«iaBnt  in  October,  1988  and  is 
ourrantly  baing  rwised  in  li^     puis^ic  ooiiDonts. 

'Zte  following  aatarial  on  current  practioos  is  dzaiiai  largely  fzm  this 
aganda. 

fiicasples  of  WBsta-^ssanagaBfint  activitias  at  HMwdo  Staticn  include: 

D  QctensivB  rotzcgEade  of  natal  Bcrmp,  old  vahidesi  pipe  and 
tubing,  Imkm  tools^  wiring,  battaries,  tizas,  and 
ooistziiction  aatarial «  to  United  Stataa. 

o  OenBral  site  cleans*  Ihis  tes  been  facilitated  by  tte 
introduction  of  dmiastars  strategically  plened  azound  tte 
station,  incsraBsed  indoor  storage  for  oonstructicn  materials 
and  otter  wffaliea,  and  halting  tte  practice  of  outside  storage 
of  ship  off-load  natarials. 
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o  )Riper  and  woden  paddrg  Mtanrlals  faumsd  in  hot  oil-ftelod 
f  i»  at  tte  Asp,  anl  aatas  taurlad. 

o  aqpmiicn  itf  Mstaor  QumteiB  Sfey  (NOP)  deanq),  idth  eMtricatfid 
stMl  8cnp  lifting  xttxo^tBM  to  the  D.s.  and  roBBining 
nterlAls  being  cxirwntirt  lani  oownid  iters  possil^e.  Hiis 
GQitUnuing  clamf)  ha*  toon  advanced  ty  ceaaing  qperaticn  ot 

o     Ocm  i9kB|dng  <tf  nap  natal  fluaprndad  In  August  IM. 

o  msto  l^icanta  sealed  in  dma  r«txo^:aded  t»  tha  mit^ 
Statos*  n»l  line  qp^radad.  Um  ^urage  oil  mpaxotar 
inatallad  to  toip  oil  fim  entering  tiM  mmbt  siyatm« 

o  Smwv^t^tm  eoqmded*  Utility  linea  am  being  oonaoliaBtad^ 
Liquid  wste  is  to  be  diluted  with  waste  teina  fton 
distillation  plant  pricr  to  flushing  to  sea?  a  gaoerator  is 
being  installed. 

o  .  Q^pbined  electrical  generating  plant  and  iAtei>dlstillation 
plant  xeduPBB  total  ftjel  xequixisaer^,  ftiel  loss,  and  oaissions. 

Hsste-DanagGBiQRt  activities  at  lUnsr  Station  include: 

o  As  oC  August  1968,  all  ocem  dumping  suspended,  and  loaterial 
ttxw^ly  duiped  xetnsgradad. 

o     S&aXI  laetal  scxaps  cxuitad,  md  baled  fear  xisttograde. 

o     Kaste  glass  broken  into  i^iall  and  sealed  in  dnaas. 

o  Ctobage  sealed  in  dn»s  to  be  retrograded  to  South  Aiaerica  fc^ 
sutoBsquBnt  dl^xssal* 

o     Itestfi  lubriosits  sealed  in  dnsns  for  retro^pcade. 

D      Scxap  BBtal  being  rsaoved  fran  dcB^  sites. 

o     I^per  replacing  fbaa  or  other  plastic  pactoging  «tieiB  possible* 

o  MoocVlP^sea^  pnx^ictB  burned.  Beosuse  station  population  is 
about  5%  that  of  NMitdo  the  volune  of  trash  is  uwch  sjnallcr. 

o     Waste  tires  and  batteries  retrogradfd. 

Activities  at  Araundsen-Scctt  South        station  inclules 

o     Waste  buried  in  <^«p  trenches. 
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tetlviti«a  at  ite^e  R>int  onp  Indutes 

o  Oontentfi  of  hunlraSs  or  steel  drumB  ristrograded  to  HcMumdo  or 
tsumodi  cn  sitei  dnn  cxufited  and  reitnsgradai  to  HMinlo. 

o     Burial  filts  cxrared* 

o     Sanitary  vastas  rBttograded  to  fkHmlo. 

o     Solid  iBtxogradBd  to  MiMndo  to  the  extent  practicable. 

Activities  at  Hallett  station  includes 

o  Joint  U.S.^-Nw  Zealmd  cloiumf>  md  site^rchabilitation  pgograa 
begun  ei^  yaana  990  following  station  cIogucb  ^sf^ptuaching 
oQaf>letion< 

ttate--mnagemtt  at  field  cause  inditleB: 

o  Solid  %«2ffites  transferr^  txxm  field  caofs  to  coastal  stations 
for  locsQ  d<«|CTwl  or,  if  (s»::tiGal«  for  re^tmprode  to  t2»  U*5« 

o  liiquid  utttes  transferred  frw  field  onps  to  oci^tal  stations 
for  local  diTifffsnl  if  field  conditions  preclude  safe  difiposal 
in  deap  anew  trenCwS* 


Ite  BTvi£on»ital  Protection  Agenda  indicates  az^s  i4iere  thB 
Ftsundaticn  reoognizea  that  action  ia  needed*  A71  rnnamamtt  printad 
fbr  oasrent  in  the  FMeral  Ragister  smarizad  these  are^  as  follows: 

Biemial,  l^nogronr^de  rwieiir  is  plwned  in 
03:de9r  to  oonsider  site  planning  ml  other 
si^HXtft  zBi|uizaaeBit5  that  ni^xt  ii^inge  on 
ac^noe  or  ii^aaot  the  emdrtoraKsit;  to 
consiite  the  nead  for,  adaquat:y,  and 
iiqplioaticiis  of «  envixonwntaX  ncnitooring 
stud  lea  for  thou^tful  envtroxmntal 
aoiwiuiimit  and  BwnafjBWBfit?  and  to  update 
rwiae  this  Agendi.  fiwironMital  criteria 
itall  be  nada  explicit  in  the  ordinary 
xisning  of  IS^*  llwy  are  baing  inoarporatad 
iitan  aiiprcpariata  in  iifci^  statMvAs,  and  are 
being  rwiwad  and  qpdated  for  adequacy* 
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TSm  «nviromeittaX  ro^xnsibilities  of  all 
paxtm  of  VSK^  am  iw  teing  analyzed  and 
clarifiad  ttwou^  afiancvriato  legal  quidaws 
ftxm  HSF'a  C^fioe  of  the  Gemml  Cbunael 
(QGC) ,  Thim  will  entail  continued 
aManinKtifln  of  paartintftt  anviimwtntal  laws 
and  xvgulaticnB,  xwlataS  nritine  Im^  and 
USAP  pnjjiap  planning  mS  policy,  N5P  has 
tagvn  afton^  hezv  that  include  heaxings  cn, 
and  possible  mdsion  o^^  tourian-telated 
ragulatim  under  tlie  Antarctic  Ctneesvaticw) 
Act* 


ayirpmenj^  tesesEBBrtts  and  IteK^  gtudies 

Guidarae  f zos  piix^am  mmyeaesit  is  ensuring 
that  envixtraental  aaweaaaapnts  and  isfsact 
studies  are  comiucted  as  needed. 
Qiviromental  asses£cacnt  guidelines  tailorod 
to  the  oontfiNt  of  USAP  are  in  preparation  • 

USm^'s  1980  Em/iia V  cntal  Jxs^act  Statcmit  is 
being  rmieii«d  tar  possible  Mpdate.  ihe 
Division  has  invited  IWeral  ao^Bicies  and 
other  oErgmiizaticns  to  usmbiI.  on  Is^ies  to 
be  ac^irrased  in  the  nevieir  of  this 
progzaaiaatic  ispaA  statasent  and  it  has 
beq^  analyzing  the  nssponses. 


&ivixcnmtal  awateness  efforts  twe  being 
incxiaased  both  within  USAP  and  outside. 
Efforts  now  trnder  way  include  psnsduction  of 
audio-visual  briefing  ai<te  and  dsvelofront  of 
a  refaiCTOB  guide.  Progranj  participants  are 
being  &ade  nace  familiar  with  requiroDBnts  of 
antarctic  environroental  paotectinn  and 
conservation  throu^  etonosDents  to  the  USAP 
pgxSQmel  )bnual. 

Aduinistrative  masures  to  f^uBtain 
environmental  aiweness  should  include 
enviromantal  inspecrtions  at  facilities^ 
envircairaent*il  training,  maogniticn  and 
awards  for  acxxcpli^ronts  in  antar^ic 
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codling  McHatio  Staticn  im^-t^ane 
OawRliiwt  mm  will  im  v^pOatrnd  to  reOect 
cwnnt  analyaia  of  asw*a  ftellitie© 
n^ivmntB.  Tto  iplated  docuaent  is 
intended  to  include  m  Itater  Plm  fte 
<>walifnn^t,  m  tpSatad  x^qaixmonts  plan, 
md  SI  is^M^oticn  |xlm«   ita  updated  plm 

^pact  nmrntMut  of  ttMinlo's  plmnol 
dfiVQloimt*  Ite  plm  win  bo  aubject  to  all 
qHjxitialata  raviw  |>nxmjua  and  to  periodic 
t^xSatm  as  ctangw  ocour.  n^^i^eneiit  of 
solid  vestes  at  imutto  includes  bspatt 
linitatiflw,  litter  control,  cvr^ita  vwte 
dityoml^  and  letivjtqding,  Ihesa  ftscticx^ 
will  be  ywMr^sweJ  throii^  a  fonalized 
systeaa  apprtWKdi  to  waste  sanag^ent. 
Eew^opnent  of  this  eg;fmag±\  will  tate 
aooQunt  of  the  attire  waste  cycle  ► 

Over  the  next  few  yaars,  attention  will  also 
be  given  to  wiagGsoent  of  NMixtto's  liquid 
wastes  and  to  prchlessB  of  waste  BanaoEnent  at 
other  USftP  statiore. 

The  studies,  facility  iuprovaoents,  and  af^ainistxative  ^asux»  that 
€«eJ^  as  the  eiiviiOTiental  a9enda  axB  liJoaly  to  be  expensive  and  tiiae 
cosming.  ait  these  axB  necessary  costs  of  U,S,  prcsove  md  reeear* 
to  totatrtica.  ihe  costs  of  fulfilling  of  the  vooonaendaticra  in  the 
NSR's  of  the  ffational  Scienoe  ftswtbition's  in  Polar  Ragions'' 

"^f^  ^  alsotoiaidable.  HckKwr,  effective  tesearrt  in  the  polar 
ragiTOis  i^M±w*  In  a  raster  of  fields.  Nbt  tte  lei»t  of  these  is 
the  undexytanding  of  past  and  f\iturB  c^iang^  in  glctal  diiMte.  Jfey 
rartarlbutions  am  be  nade  in  both  polar  xegions  through  tto  study  of 
tiie  cliaato  xoooxd  for  the  past  200,000  y«m  awdlable  ftm  ice  ciies 
thmigfi  investigation  of  air-sea-ice  ijnteractions  and  their  effects  m 
WEi^^  mid  dijaate,  and  thxm^  examination  of  the  dymsdcs  of 
glAciena  and  ice  etoets  «kS  U»ir  jxAential  effects  on  sea  level, 

^  °^  clijaate  changes  mx±\  as  the  biological  effects  of  the 

antarcti^  oeone  hole  is  yet  «x34her  isportant  research  tcpic  that  can 
have  iaiilications  outside  the  Antarctic. 

fulfilling  the  reccemxbtions  of  the  HSB  repca±  is  a  formidable  task 
that  will  r^tfiixB  the  oocperation  of  the  FUmdation,  the  Adndnisttatioi 
and  tile  Oongtess* 
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NATIONAL  SCIENCE  FOUNDATION 
WASHINGTON  PC 


CnaittM  OA  8eiwic«,  Spac«,  and  Technplogy 
EouM  of  Raprasmt^atlveB 
tfashingtonr  OC  20519 

Doar  Mr.  Chainans 

In  thm  nport  accoi^^yitig  !i.R*  44X8f  tha  KSF  Authorization  Act  for 
Fiscal  Yaara  1989  a^  X990,  the  Consittaa  requaat^  a  report  toy 
January  l,  1989  listing  ksf  funding  in  Fiscal  Ysars  1987  and  iwh. 
for  support  of  rssear^  at  non'^KSF  s^nsorad  suparccvputar  oantars. 
This  inforsatioa  is  rantainsd  in  the  raport  attachad  to  this  Isttar** 

For  rt  1989,  fiSF  has  crnitinusd  ths  progras  of  providing  accass  to 
advancad  coaputing  capabilitiaa  not  availabla  at  our  national 
oontara.  As  in  ths  past,  ths  HSF  scientific  directorates  vill  be 
clossly  involved  in  the  award  process. 


Sincerely, 


Erich  Bloch 
Director 


EncloBure 


Honorable  Doug  Kalgren 
Honorable  Shervood  Boehlert 
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REPORT  ON  OTNER  SUPERCOMPUTER  ACCESS 


National  Sctence  R>undfit)on 
December  14. 1988 
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IntroductkHi 

in  the  togislalive  mport  i»x:on^9any^  fire  FV       Authorization  Bill  for 
the  Nafomd  Sdmce  FourKiation,  ^  Houm  Committee  on  Science,  Space, 
and  Techmriogy  lequesled  a  am^iBhef^va  leview  of  the  Foumte^^s 
st^qxHt  in  FY87  ami  FYB8  for  r^wA  at  novNSF  si^fcon^iutar  cen^. 
Ilia  Conm^  requested  ^giagalB  ftmfing  ievete.  as  we^ 
bfe£d«lDwn  of  si^^x)/!  by  Dni^torale  and  by  computer  center. 

FY87  ExpmiHUjres  end  Usej^ 

In  FY  1987  ttm  D^ectomt^  for  Btoto^),  BehavkKal  and  Social  Soences 
{BBS)  and  Computer  and  tnfomiatk^n  Sdemre  ar^i  Er^ineerir^  (CISE) 
pufd^^sed  convuier  resources  at  m)n-NSF  centers  as  shown  In  TaWe  I. 

Tablet 

NSF  Coloracto  State         Pufdiw  University  of 

Di«  ictomte  Univefslty  University  Minnesota 

Bio.  Behav.  &  Soc.  Sci.  $239,000  $45,000 

Comp.  Info.  Sci.  &  Ena  SZQQJUfi  SSQQJfflQ  $1.000.000 
Total  $200,000         $439,000  $1,045,000 

Total  expem*toires  were  $1,^,(K)0.  The  f=Y87  funds  from  the  CISE 
Diredorate  supported  ongoing  ejects  from  all  NSF  Directorates  during 
the  completion  of  the  NSF  "Pf^se  T  program  of  supercomputer  access. 
T^le  II  contains  an  estimated  bre^doyvn  of  tfie  relative  percentages  of 
total  NSF  dollars  as  indicated  in  Table  L 

Table  II 


Phase  I  Center  Usage  by  NSF  Directorates  - 

FY87 

NSF 

Coiorado  State 

Purdue 

University  of 

DifBdorate 

University 

University 

Minnesota 

Bb.  Behav.  &  Soc.  Sci. 

11.1 

59.3 

4.6 

Comp.,  Info.  Sd.  &  Eng. 

34.0 

1.6 

6.6 

Engineering 

4.1 

6.5 

10.4 

Gfiosdenora 

1.4 

0.8 

2.5 

M^.  Physical  ScL 

49.5 

31.9 

74.3 

Intematjonal  . 

—Oil 

_JLQ 

_L5 

Total 

100.0% 

100.0% 

100.0% 

s 
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FY88  Expemimirra  and  Ustge 

in  FY88,  fimcte  were  aflocated  dirw^y  to  tf»  Krectorales  to  purchase 
oomf^tar  rasourtas  i»  ^nniin  h  the  fo^^ 

Tabialii 

FY88  ExpondBt^  by  NSF  Diref^orata 

Dfaedorate 

Bo.,  Behav.,  &  Soc.  Sci. 
Cm\p.  Mo.  Sd,  &  Eng. 
Ei^hiacffino 
Gaoscbnces 
Math.Rr^^Sd. 
fa^to™^^  


Pufldus 

University  of 

University 

Minnesota 

$551,000 

$159,000 

97.500 

131.250 

17.250 

1.095.000 

$551,000 

$1,500,000 

TotaJ  si^sport  at  rajn-NSF  aupercon^uter  centers  in  FYBB  was  thus 
$2,051,000.  With  the     ,684,000  from  1987,  the  NSF  support  totals 
$3J35SX>0  over  the  f  rt)  Rscaf  Years. 
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NATIONAL  SCIENCE  FOUNDATION 


nf 


March  \, 


^^''^^  :  0  J989 


Honorable  Robert  Foe  ^ 
Chairman,  Committee  on  i^clence, 

Space  and  Technology 
HouF^e  of  Represcntat  ivos 
Washington p  DC  ?0515 

Dear  Mr-  Chairman: 

I  an  pleased  to  submit  this  report  on  the  technology  transfer 
activities  at  the  National  Science  Foundation-     This  report  is 
requested  in  House  Report  100-649  vhich  accompanies  the  1989 
NSF  Authorization  Act. 

Since  its  inception  in  1950,  the  Foundation  has  played  an 
important  role  in  inaintaining  and  strengthening  the  Nation's 
scientific  knowled(|e  brise.     while  the  transfer  of  scientific 
knowledge  is  a  component  of  all  of  the  Foundation's  programs, 
the  report  highlights  those  activities  which  focus  on  the 
technology  transfer  process  as  it  involves  interaction  between 
Industry  and  academia. 

1  trust  the  report  will  help  you  in  asr,essing  our  technology 
transfer  activities  and  serve  as  c  stimulus  for  suggestions- 


Sincerely, 


Erich  Bidich 
Director 


Enclosure?:  Technoloqy  Translor;  A  Report 
to  the  congress 


Copy  to:  Honorable  Robert  Walker 
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TTCHNOLOGY  TIUINSFEit:  A  REPORT  TO  THE  CONGRESS 


1.0      TSCHKOLOGY  TRftWSFra 

1*1  Introduction. 

This  Is  a  report  on  the  Technology  Transfer  activities  at  the 
National  Science  Foundation,  as  requested  in  House  Report  649^ 
i^ch  acccffiipaniea  the  i9B9  nsf  Authorization  Act.  The  response 
covers  existing  activities  at  the  Foxindation  which  seek  to  bring 
new  IcROWladge,  gainod  through  basic  and  applied  research,  to  bear 
on  the  develcH»ient  of  new  technology,  it  concludes  with  options 
whlch^  since  they  affect  policy,  are  not  recosmendations  until 
they  are  reviewed  and  considered  by  the  National  science  Board. 

1.2  Methodology. 

NSF  staff f  to  make  the  present  response  ix^re  Informative^ 
followed  a  specific  Cangressional  suggestion;  it  explored  its  own 
role  as  well  as  the  larger  context  for  technology  transfer  with 
selected  institutional  representatives,  organisations  contacted 
included  the  National  Academy  of  Sciences,  American  Association 
for  the  Advancejnent  of  Science,  and  a  number  of  industrial  and 
trade  associations.  Their  advice  on  existing  activities^  as  we:  1 
as  proposals  for  new  programs  was  valuable  and  useful.  The 
report  further  presents  additional  concepts  anU  technlQuoa  for 
transfer  of  existing  knowledge  from  universities  to  industry. 

1.3  Long  Standing  Rf>ifli^ 

AS  part  of  its  charter,  the  National  Science  Foundation  has, 
since  its  inception  in  1950,  played  an  important  role  in  Federal 
efforts  to  maintain  and  strengthen  th©  Nation's  knowledge  base. 
Because  the  transfer  of  knowledge  between  the  academic  and  the 
Industrial  sector  is  a  vital  ingredient  in  enhancing  the 
country's  Industrial  competitiveness^  NSF  has  sponsored  prograras 
to  enhance  that  transfer*  Reflecting  changing  national 
priorities,  there  hdis  been  a  gradual  shift  so  that  NSF,  while 
increasing  its  support  for  basic  research,  has  also  assuraed  a 
greater  concern  with  technology  and  the  transfer  of  knowledge, 
without  competing  with  other  Federal  age  icies  which  have  explicit 
applied  research  missions. 


^   a 00th  Congress,  p. 23. 
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1.4    Basic  Research. 


Tho  Foundation  supports  basic  research,  predooiinantly  at 
univorsitl^ift,  and  prc^notos  science  and  engineering  education,  in 
the  context  of  the  national  research  and  development  effort,  the 
Foundation's  $1.7  blXXion  1988  budget  Is  only  slightly  more  than 
one  percent  of  the  Si 32  blXXlon^  of  the  estimated  natlonex  1988 
R&D  effort-  GivM  this  relatively  scaall  direct  role  in  the 
overall  funding  pic turn,  NSF  seeks  to  leverage  its  resources  to 
affect  the  much  larger  national  research  effort ^  and  to  serve  as 
a  facilitator  in  the  technology  transfer  process.     How  the 
Foundation  vorks  towards  its  objectives  of  training,  leverage  of 
technology,   and  enhancement  of  university/ industry  relations  is 
detailed  in  later  sections  of  this  report. 

X. S    Toward  Commercial  Products. 

At  UST,   technology  transfer  is  a  stiisulating  and  facilitating 
process  to  move  research  results  and  technological  innovations 
from  the  laboratory,  frora  government  or  vmiversity  sponsorship  to 
the  private  sector  which  then  will  produce  cosmiercially 
successful  products.  Another,  broader  view  of  technology  transfer 
is  that  of  a  continuum  of  interrelated  events  between  academic, 
business r  and  govemiaent  partners,  xt  is  a  dynamic  process r 
involving  invention,  translation  to  meet  coofflsercial  needs,  and 
finally  cosmercialization.  It  requires  manages^nt  and  coaunerclQl 
resources  as  well  as  the  assessment  of  the  market  for  the 
potential  product.  Because  the  main  activities  of  the  Foundation 
are  devoted  to  the  support  of  basic  and  applied  scientific 
research  and  science  education,  the  role  of  the  Foundation  in 
technoXogy  transfer  has  been  Ximlted  to  the  transfer  of  knowledge 
between  the  universities  and  industry. 

Two  Taxonomies.     1.  In  a  recent  paper.  Or,  Ralph  Gcmory  (a  seriior 
vice  president  at  IBM)  and  Dr.  ROXand  Schraitt  (president  of 
Rensselaer  Polytechnic  Institute)'  described  two  types  of 
technology  transfer.  The  first  reflects  the  process  of  sequential 
discovery  as  in  the  case  of  the  semi-conductor*  Here  the 
verification  of  quantum  mechanics  in  solids,  and  the  daveiopnients 
in  solid  state  physics  are  the  rungs  of  the  •'ladder"  of  the 
technology.  The  second  is  evolutionary  technology  transfer;  small 
innremental  changes  m  an  existing  technology  result  over  time  in 
what  might  be  considered  an  essentially  new  product.  NSF  programs 
address  both  processes. 


**HigniightB,  "  science  Resources  Studier,   NSF  88-3C3, 
Natioril  science  Foundation,  Washington,  D»C.  February  X988. 

^  Goniory,   R,E..  Schmitt,  R.W.,    '"Science  and  Product/' 
Science,  Vol.  240,   27  May  X988,  pp  1131,1132,  pp  1203.1204, 
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2    A  different  taxonowy  considers  tochnoiogy  transfer  In  terms 
of  Push  or  FuXl.  •^Push"  is  exoaplified  by  »SF  which  sponsors 
basic  resaarch,  then  seeks,  within  Xlalts,  to  •'push-  into  the 
SuItrlaX^tor,  I.e.  facilitate  the  use  of  those  results  which 
look  useful.  While  ''pull''  has  not  been  used  to  the  same  extent 
bv  NSP  because  it  is  based  on  the  expressed  n-^ds  of  those  who 
seek  new  solutions,  the  Presidential  Young  investigator  Awards 
tPyi)  progren  described  in  Section  2  is  one  example  of  this 
approach. 

1,6    NSF  Programs > 

Proaraws  at  the  National  Science  Foundation,  with  technology 
transfer  as  one  of  their  cwiponents,  range  from  the  new  Science 
and  Technology  Centers  and  the  SBIR  progran,  to  the  Engineering 
^search  Centers  and  the  Industry/University  Cooperative  Research 
centers  which  infuse  industrial  needs  into  the  research  goals.  In 
addition  there  arc  projects  to  ia^rove  the  archiving  and 
distribution  of  information  in  the  disciplinary,  cross 
disciplinary,  and  international  prc^raias.  The  sneciflc  function© 
of  these  activities  with  respect  to  technology  transfer  are 
discussed  next* 

2.0     TECimOLOCy  TRAWSFER  ^CTIVXTIES  AT  NSF 

Because  of  the  Foundation's  sole  in  the  sponsorship  of  university 
research  and  science  education,  technology  transfer  activities  at 
NSF  try  to  build  working  relationships  between  research  in 
industry  and  at  universities  to  leverage  f^^^^^^^JPF^J^^ff^^^ 
research.  These  Foundation  programs  seek  transfer  of  knowledge 
from  one  researcher  to  another  and  from  the  research  community  to 
industry.  This  approach  to  technology  transfer  is  unique  to  tne 
Foundation  aniong  Federal  agencies. 

Technology  transfer  in  other  Federal  agencies*  differs 
significantly  from  the  Foixndation's  activities.  These  agencins 
deal  in  technology  spin-off,  co«»on  to  NASA  and  MD,  and 
technology  utiliration,  characteristic  of  Energy  and  Agriculture, 
Technology  spin-off  means  that  the  technology  is  to  ^J^^f^^l^ 
the  private  sector  for  purposes  other  than  those  for  which  it  was 
originally  intended.  Technology  utillxation  means  the  technology 
usually  is  created  specifically  for  private  sector  application? 
the  agency  will  not  accomplish  its  principal  mission  unless  tne 
technology  transfer  is  effective. 

The  special  character  of  technology  transfer  at  the  Foundation 
derives  from  itn  specific  focus  and  the  network  of  individuals  it 

*   "Guidebook  for  Technology  Transfer  Managers,*'  Weridian 
Corporation,  Alexandria,  Va«  June  1987. 


857 


dponmrs  in  basic  rMaarch*  KSr*8  comitamtt  is  to  mtpportlng 
Imalo  scimtific  rasearch  at  univaraitiea.  Tachnoiogy  txanafar  is 
an  i^>ortant  bypiuduct  of  this  misaion.  Of  tha  eatiAated  815 
biiiion^  tevotad  nationally  to  baaic  rasaarch,  tha  Fcmndaticm 
acccninta  for  Jumt  over  tan  fmrcant.  Then,  to  deriva  additimal 
banafita  from  this  ralativaly  ssiall  contribution  to  the  national 
baaic  research  budget,  the  Foundation  etifsulates  knowledge  or 
taohnology  transfer. 

Whila  the  purfKisa  of  this  report  ia  to  explicate  the  Foundotion's 
more  formal  technology/ Information  transfer  activities,  tiKire  are 
many  unforaeen  instances  of  technology  or  product  developoient 
steirming  fr<»i  basic  research.  For  eicai^le,  a  super-c«)s^ter  aided 
lasor  flow  visualization  technigue  supported  by  the  Fotmdation 
has  baen  aik^ted  by  Gemral  Motors  for  coi^nisticm  raaearoh.  Basic 
reeaarch  on  lightoing  xed  to  a  lightoin^  directim  finder,  now  a 
fforldwidSr  multi-million  dollar  market.  Yet  am^ther  technology 
transfer  anecdote  is  tha  Foundati«ni*s  research  project  on  Dopier 
radar  n^ch  led  to  a  doimburst  and  windshear  pilot  warning 
Bystam.  Bearing  these  technology  traxssfer  aucceaaes  in  mind,  the 
following  sections  outline  the  more  structure  processes  at  the 
Foiindation  to  achieve  knowledge  transfer  and  interaction  between 
the  basic  research  and  the  industrial  ctMrnsunities. 

2.1    Industry/University  Cooperative  Research  Canters , 

To  transfer  technology,  to  capitalise  on  the  broad  spectrum  of 
resesrch  activity  in  the  research  university  cosmounity,  there 
have  been  **coupiinga"  of  industry  directly  with  a  university  in 
those  disciplines  of  mutual  interest.  Th.\5  led  to  the  NSF 
program  for  Industry/University  Cooperative  Research  Centers,  a 
program  aimed  at  technology  transfer  through  the  use  of  research 
consortia.  Goala  of  the  program  are: 

o  develop  industry,  state,  and  other  sus^rt  for 
industry/ university  interaction  on  industrially 
relevant  science  and  engineering  research  topics; 

o  promote  university  research  to  provide  a  knowledge 
base  for  industrial  and  technological  advancement  while 
training  students?  and 

o  promote  research  centers  which  become  self-sustaining 
within  a  five  year  period,  tasing  industry,  state  and 
other  funding  sources. 

One  of  the  most  important  factors  in  judgii  g  which  projects  are 
appropriate  for  support  is  the  likelihood  of  ''success,*'  i.e.  that 
successful  research  would  have  implications  for  technological 


*  Op.  Cit  1. 

4 


S  6  V 


858 


advancttB.  This  enhances  the  potential  for  Industrial  support « 
Centers  provide  several  acKOianlsra  for  cost  sharing  by  Industry, 
Insuring  that  the  resaarch  Is  fundaint^ntal  and  technologically 
rexevant.  The  nature  of  cooperative  research  is  c^^mplsK  and 
r^iulres  agreroent  on  many  Issues,  both  techmloglcal  and 
ad&lnlatratl  ve .  * 

^ccesa  ^a^le.    The  center  for  Ceramics  Research,  spc/nsor^  by 
ta»  Natlcmai  science  Foundatlm  and  the  New  Jersey  Comlsslon  on 
Science  si^  Technology  at  Rutgers  University  la  a  successful 
prototype-  Twenty-three  industrial  flnaa  participate;  each 
contributes  $35,000  annually.    Noteworthy  is  the  role  of  the 
State  of  Mew  Jersey  In  the  support  of  this  and  four  other 
research  centers*  State  govemsent  recognlfsed  the  oi^rtunlty  and 
potential  of  the  NSF  concept  of  Industry/University  Coc^>erativG 
Centers,  not  just  for  technology  transfer,  but  for  reglmal 
li^Sus trial  develOE^ient.  Kew  Jersey  initiated  a  bond  issue  for  S90 
sllllon  for  this  kind  of  industrial  develc^ment  program  and 
vested  authority  for  administration  of  the  program  in  a  New 
Jersey  Comlssion  for  science  and  Technology.  Now  there  are  five 
centers  m  the  state,  each  addressing  different  technologies*  As 
for  the  Industrial  firms  participating  in  the  center  at  Rutgers, 
their  contributions  are  matched  by  the  Dismission  for  operation, 
with  additional  funding  available  for  capital  Improv^ients.  The 
Rutgers  center  is  now  part  of  an  experimental  Xntematlmal 
Industry/Universlty/Governs^t  Research  Initiative  which  is 
funding  a  research  linkage  with  center  activities  in  Sweden, 
broadening  the  knowledge  base  and  technology  transfer. 

Indicators  of  Success,  The  Industry/University  Cooj^ratlve 
Research  Centers  program  has  been  successful.  In  19B8  there  wore 
40  operational  centers,  receiving  $20  million  in  industrial 
support,  $17  million  in  state  support,  and  S3  million  in  Federal 
support*  The  program  has  the  participation  of  over  300  Industrial 
firms. 

^'^_^Qi^n^&^iri^  Research  Centers  * 

In  1985  the  Foundation  initiated  a  program  of  cross-dicciplinary 
Engineering  Hesearch  Centers  to  focus  on  research,  education,  and 
industrial  collaboration  in  areas  critlcai  to  industrial 
competitiveness »  In  1988  there  were  eighteen  centers.  Some 
easSB^les  of  the  research  areas  are  manufacturing,  materials 
procesaing.  optoelectronics,  biotechwlogy  and  ocean  engineering, 
About  300  firms  are  involved  with  these  centers  providing 
funding,  equipment,  and  materials*  in  line  with  the  "people  to 
people"  requirement  for  technology  transfer,  the  firms  are 


^  "Higher  Education  in  Partnership  witH  industry,"  D.  R, 
Powers,  M.F.  powers,        Betz,  C.B.  Aslanian,  Jossey-Bess 
Publishers.  San  Francisco,  1988. 
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providing  mglnMrs  to  work  tox  Mt«iidttd  periods  at  th«  omtars. 
In  aXX  OABM^  Indiustry  bmafitts  dlr«ctly  fron  th«i  output  of  thm 
mginMrlng  c«nt#r8  tlizough  dlx«ct  involiramnt,  as  iixuatratad  by 
til*  Siminaarlno  Haroarol)  Cmxtmr  at  Purdua  Univaralty. 

ZXlMtratimi:  Tfie  Sngimaring  HMaaroh  Crnitar  at  Rurdua 
Unlvaraity  la  for  "ZntelXigmt  Itenufaoturli^  Syvtma,"  aomthlng 
mmm  than  tha  pravaXent  aaqdiaala  on  conputar  intagratlon  and 
fXaxlbiXity.  It  yoea  tey^md  tha  manufaoturlng  praotloaa^  whara 
ohAngaa  in  tha  manuf actura  of  indlvlduaX  parta  ara  af faoted 
through  changaa  In  mftwara  CTmanda.  Ttia  Purdue  Cantar  da«ia 
with  tha  naxt  avoXutlcotary  atap  i^iara  a  Xargar  aanufacsturlng 
ayat^  can  raapond  pron^txy  to  changaa  In  daaign,  marfcat#  or 
funotlcmaX  raqulraraanta*  Thn  Icay  exmmt  la  ra^ponalvsnaas  In  tha 
nanufaoturlng  prooaaa  to  Input  or  output  dmanda*  Ttm  Puri^ia 
cantar  haa  (mvon  industrial  *'partnara,*  aach  of  whom  oontrlbutes 
0200,000  annuaXXy  to  tha  Cantar.  Thaaa  flnss,  actlva  participants 
In  tha  rasaaroh  prooass,  IncXuda  AXcoa,  ChryaXar  araS  Cincinnati 
MlXXloron*.  Thara  are  aXao  slaitaan  afflXlata  flxm;  aach 
contrlbutaa  $2S,0D0  annuaXXy ,  r^^lvaa  r^>orts  aiul  attenda  annual 
matlnga^  Thla  Illustrates  the  concept  of  Xevarage  for  limited 
Federal  funda  for  technology  tranafar  to  Induatry  to  enhance 
coopetltlvmieaa  • 

Another  major  unlverslty/lnduatry  hsf  reaearch  Initiative 
focuaee  on  eupercoroputlng.  The  Fbundatlcm  has  established  five 
National  Supercomputer  Centers.  These  are  the: 

o  Sen  Diego  Supercomputer  Center 
San  Diego,  California 

o  John  von  Neumann  National  Supercomputing  Center 
Princeton,  New  Jersey 

o  Cornell  National  Supercc^nputlng  Facility 
Ithaca,  New  York 

o  Pittsburgh  SupercMiputing  Canter 
Pittsburgh,  Pennsylvania 

o  National  Center  for  Supercomputing  Applications 
Unlveralty  of  xiilxx>ls 
Champaign,  XllixK>ls 

These  facilities  are  available  to  academic,  government. 
Individual r  and  Industrial  researchers.  Allocation  of  use  is 
generally  made  on  the  basis  of  peer  review  of  the  proposed 
project. 


6 


860 


TfwM  (and  other)  advanced  imputing  and  natmrklng  eepabilities 
persBlt  moMmlvm  calculetlona  and  the  slmilation  of  physical 
phenocmna,  thus  adding  am>ther  dimension  to  theoretical  and 
ejqperiaental  research  in  the  study  of  CH»q?iex  problem.  As  with 
other  centersr  there  is  significant  ij^strial  participation, 
uevaXiy  cash  grants  for  research,  equipnmt  donations^  or 
industry  researchers  who  colXabwate  with  researchers  in  the 
MStionax  Supercoaputer  centers.    Hajor  coeiputer  fixvs  sponsor 
2?^^  69  million  in  research  in  the  centers;  Cray  alone  sponsors 
BZ.Zb  millim  annually,  other  major  contributors  ii^Xude  Kodak. 
A«oco,  Monsanto,  mc,  and  Eli  Lilly,  ism  has,  for  exaiaple 
donated  a  S22  million  computer  systm  to  the  center  at  Cornell. 
Additional  hardware  and  software  {kmaticra  and  discounts  to  these 
centers  exceed  $20  million  in  value.  Research  by  industry 
collaborators  has  reached  the  level  of  about  ten  percent  of  the 
total  research  efforts  of  the  centers. 

Examples.  Technological  areas  irtiich  benefit  f rwn  the  application 
of  this  type  of  ccwaputaticaial  research  and  simulaticn  are  as 
varied  as  materials  development,  c^nmunications,  and  coi^ustion. 
Exas^les  with  cottwrcial  applicaticms  illustrate  the  role  of 
^f^^r*^''^*^^^  centers  in  technology  transfer.  Combustion  in 
engines  coQa>ines  the  problems  of  fluid  flow  with  chmioal 
reaction  kinetics,  a  problem  which  can  be  ''solved'  on  large 
computers.  The  result  can  be  a  "visualisation"  of  what  happens  in 
the  cylinder  of  a;,  internal  combustion  engine.    This  type  of 
research  is  a  prerequisite  for  improvements  in  engine  design 

^""^         result  in  reduced  pollution  and  improved  fuel 
efficiency- 

Computer  simulations  of  bodies  moving  through  air  or  water 
furnish  insight  into  the  problems  of  •streamlining,"  Similar  work 
in  aerodynamics  has  led  to  devices  for  truck  drag  reduction. 
These  two  examples,  which  reguiro  supercomputers,  coupled  with 
I^n^t.Jr®^'^*  industrial  participation  m  tsrms  of  equipment, 
sponsorship  and  research  use,  indicate  how  these  centers 
facilitate  the  flow  of  research  results  froro  the  universities  to 
Industry • 

2.4    £>clence  and  Technologv  Centers. 

In  response  to  the  President science  and  technology  centers 
initiative^ ,  the  Foundation  established  a  new  Science  and 
Technology  Centers  CSTC)  program.  It  reflects  the  reality  that  an 
increasing  number  of  important  research  activities  cannot  be 
addressed  by  scientists  working  alone.  These  activities  require 
large  invastmentB  in  facilities  and  equipment,  and  researchers 
with  diverse  disciplinary  backgrounds  and  expertise.  Further, 

^  State  oi  the  Union  Message,  January  27,  19S7;  Executive 
Order  No.  12591.  April  1987. 
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tlii«  prograa  r«co^is«s  thm  need  to  transfer  icrxnrle<3^|e  from 
dieoovexy  to  eppllCAtion,  The  nev  centers  will  be  based  in 
eeedeeio  inetituticms;  tltey  Mill  involve  scientists  from  industry 
end  FfNSerel  Xsborstories,  in  edditicm  to  students  end  ecedesic 
eteff .  Thie  si^sx^eoh  ie  deeigmul  to  eccelerete  diffusim  end 
em^Iicetion  of  reseeroti  fiiuSings  to  benefit  ell  Mctore  of  our 
society «  The  goel  is  to  help  aeintsin  tl.S,  ^rMainence  in  science 
end  tedttiology  and  to  provide  en  edeqtiata  pool  of  TCientists  and 
eiMyiMers  with  the  experience  to  meet  the  ^lianging  Made  of  mir 
r  eiety,  and  to  laeet  the  chaXIengea  of  international  ecommic 
ipetition. 

Strwg  Hesponae .    The  responae  of  the  ecadeaic  ccwunity  to  the 
StC  initiative  has  been  greater  than  anticipated.  Of  the  323 
pr^osala  eutaitted,  70  percent  involve  significant  industry 
participatimr  a  result  which  augurs  mil  for  techralogy 
transfer.  The  Fotmdation  recently  announced  its  support  for 
eleven  centers  with  total  funding  of  $24.7  oiilicm  in  FY  1969. 

2.S    The  Sttall  BusiTOsa  Innovation  Research  Program. 

The  Small  Business  innovation  Hesearch  program  waa  deaigned  and 
impiessented  by  the  Foundation  in  1977.  It  served  as  the  model  for 
the  Small  Bueineas  innovation  Develc^ittent  hc^       1982  and 
eventually  became  the  naticmal  S»IR  program.  Il>en  as  now,  it 
served  to  stimulate  innovation  and  to  facilitate  access  by  small 
hi^  technology  firms  to  the  basic  research  community.  In  the 
decade  since  its  inceptim^  SBIR  has  c<»BplAmented  the  NSF  bssic 
reaearch  programs  by  providing  a  linking  mechanism  with  the 
marketplace.  While  many  studies  may  be  cited.  The  Rand 
Corporation  study  of  1984  eupported  by  the  Foundation*  showed 
clearly  thst  the  reaulta  of  basic  reaearch  do  not  readily  find 
their  way  to  the  marketpxaca  without  the  use  of  intermediate 
mechanlBM.  Juat  as  with  the  centers  progrema,  SBIR  provides 
another  such  mechanism.  In  addition,  rrSF*s  experience 
demonstratea  that  buainesaea  which  participate  in  the  prograis 
also  create  Sixsm  of  the  new  research  instrximents^  sensors  and 
materials  which  in  turn  are  highly  i;iseful  to  the  basic  reaearch 
cossaunity.    Much  of  this  success  stems  from  the  deliberate  policy 
to  integri.te  SBZR  with  the  Koondstions  other  reaearch 
spcmsorship,  a  design  feature  whereby  earh  NSF  resoarch  division 
formulates  research  topics  for  the  SBIR  solicitation. 

The  SBIR  award  history  shows  that  the  profile  of  technologies  in 
the  funded  projects  has  tracked  the  National  Academy  of  Sciences 


'  Tore  K.  Bikson,  Barbara  E.  Ouint,  Leland  Johnson, 
"^Scientif ic  and  Technical  Information  Transfer, "  Rand 
Corporation,  Report  to  The  National  Science  Foundation,  N-2131- 
MSF,  March  1984. 
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*ive  /ear  outlocak*  of  1981  and  th©  OSTP  report  to  the  Congress  of 
1983*'  as  to  projected  national  tochnologlcal  needs.  Still 
om^ther  moasuro  of  relevance  to  national  nt^ods  is  tho  emphasis  on 
Incraased  productivity  and  cocipetitlveness.  Of  the  SBIR  research 
IMToJecta  fmded  through  1987,  fully  40  percent  were  related  to 
improved  manufacturing  processes,  productivity,  or  quality  many 
of  which  are  already  ir*  the  roar kotpl ace, ^ * 

The  program's  success  in  technology  transfer  is  best  evidenced  by 
the  extent  of  private  sector  participation.  Major  industrial 
firms  such  as  I>ow,  Eli  Lilly,  onJ  Martin-Marietta  Corporat,^on 
have  supported  the  develoiKoent  of  producvs  or  licenses  from  small 
firms,  either  to  produce  or  to  use  the  product  or  process. 
Another  quantifiable  measure  of  technology  transfer  is  the 
program's  leverage.  While  the  Foundation  anardod  S20.6  million 
from  1977  through  1982,  the  firms  participating  in  those  awards 
have  since  shown  about  $400  million  of  private  Investments  as  a 
result  of  their  SBIR  activities  as  a  whole. 

examplem.  Successful  commercial  research  products  cm  the 
market  today  illustrate  the  results  of  SBIR-  One  is  a  process  for 
the  daposition  of  silicon  carbide  used  by  General  Electric  for 
turbine  blades.  The  other  is  the  development  of  ultra-high- 
pressure  water- Jet  abrasive  machine  tools  for  which  cumulative 
sales  renched  $22  million  in  1987. 

2,6    EPSCoR  Program . 

The  development  and  strengthening  of  research  infrastructure  at 
the  state  and  local  level  is  another  aspect  of  technology 
transfer*  A  program  that  demonstrates  just  how  effective  Federal 
start-up  funds  can  be  in  creating  and  developing  new  science  and 
research  infrastructure  is  the  Experimental  Program  to  Stimulate 
Competitive  Research  (EPSCoR).  Established  in  1978  in  selected 
States  with  NSF  supports  it  is  designed  to  improve  the  quality  of 
research  in  science  and  engineering.  EFSCoR  provides  NSF  grants 
for  five  years,  with  the  understanding  that  during  th^s  period 
the  research  instltutiona  must  develop  ways  to  raise  their  own 


•'Five  Year  Outlook  on  Science  and  Technology-19Sl,  " 
National  Research  Council,  National  Academy  of  Sciences, 
Washington,  1981, 

"Annual  Science  and  Technology  Report  to  the  Congress,'' 
Office  of  Science  and  Technology  policy.  Washington,  o.C,  1983. 

cf*  Letter  from  Director,  nsf  to  U.S.  General  Accounting 
Office,  April  11,  1988,  enclosing  report  '^National  Science 
Foundation,   Small  Business  Innovation  Research  One  Decade  tater. '* 
Report  is  intended  for  inclusion  in  GAO  government wide  evaluation 
of  SBIH.. 
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funds  for  continuing  roeearch*  The  major  thrufits  of  the  program 
are:  to  iwprom  regional  economic  cowpetitivoness  by 
strengthening  discipXinery  research^  to  iiwprovo  research 
facilitieSt  and  to  stimulate  linkages  between  univereltl  .s. 
Industry,  and  government-  The  program  presentXy  Include. 
InstltutlCHis  in  t%relve  states  end  Puerto  Rico»  with  oech  state 
sharing  in  the  coat, 

2.7    International  Programs . 

The  Foundation's  Internet lonel  Programs  have  many  eleaents  'Aich 
relate  to  technology  transfer r  especially  the  transfer  of 
Information  and  researchers.  The  goal  is  to  know  the  strengths 
and  weaknesses  of  the  world's  research  TOwminity,  in  ordar  to 
help  the  United  States  formulate  better  its  own  programs  and 
goals*  in  addition  to  staff  at  NSF  in  Washington,  who 
adainister  many  bilateral  and  multilateral  science  egrsOTents^ 
the  Foundation  maintains  an  office  in  Paris  as  an  entry  point  to 
Western  Eurc^o,  and  an  office  in  Tokyo  to  help  carry  out  the 
cmperative  agreements  with  Japan* 

The  Foundation  selectively  translates  Japanese- language  reports 
on  rasaarch  advances*  Because  many  more  i^apenaae  co«e  to  America 
than  Americans  go  to  Japan,  the  Foundation  is  trying  to  narrow 
the  gap  by  facilitating  the  cooxserative  *#ork  of  Americans  in 
Japanese  research  laboratories.  NSF  also  has  sought  overcome 
the  language  barrier  through  the  development  of  a  short  course  in 
technical  Japanese.  While  these  are  small  steps  on  the 
international  scale^  the  Foundation  recognires  the  need  to 
Improve  technology  transfer  at  the  international  level. 

?^  _Educational  Prograws^^ 

The  Foundation  maintains  two  educational  programs  with  a 
significant  technology  transfer  components  The  first  of  these  ia 
the  -Presidential  Young  Investigator  Award."  The  objective  of 
tJiese  awards  is  to  stimulate  the  retention  of  outstanding  young 
n^aearchers  in  universities-  It  matches  institutional  and 
iivSustrial  research  support  to  get  these  researchers  started  on 
an  academic  career,   Industry  support  is  matched  up  to  $37*000  by 
the  Foundation,  after  a  base  grant  of  $25,000.  Industry,  by  its 
support,  can  get  first  access  to  the  researcher's  results. 

The  second  program ^     Private  Sector  Partnerships,  *  is  designed  to 
stimulate  and  support  the  involvement  of  individuals  and 
organizations  from  the  private  sector  in  Joint  activities  with 
educators  and  educational  organizations  to  improve  science, 
mathematics,   and  technology  education •  The  Foundation  funds 
partnership  programs  for  using  technical  inputs  from  the 
industrial  world  to  improve  the  teaching  of  the  technical  <*nd 
mathematical  subiects.  This  pr<^rain  gets  the  private  sector  to 
share  its  ©xpertiaa  with  educators  to  improve  education. 
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2.9  InfoiTiiatloo  p.  etributlofi  and  Data  Archiving. 

Technology  transfer  la  a  px<x:bb&  irtilch  depends  heavily  on  tho 
dXasamlnatlOT  of  Information,  either  through  people  directly  or 
by  neana  of  ot*»er  raedla.  m  this  activity,  it  is  carried  out 
largely  by  various  diaclpiinary  Journals.  However,  m  those 
research  aroas  which  are  mtat  active,  for  exanpla  high 
temperatore  superconductivity,  knowledge  or  raports  of  discovery 
is  so    hot.  -  so  Buch  in  deaai^l  by  potential  industrial  users  and 
researchers,  that  it  travels  outsida  tho  loop  of  foraal 
Publication.  NSF  encourages  and  supports  attendance  at  meetings 
and  symposia  as  an  important  p  rt  in  the  real  time  information 
transfer  process.  Of  equal  Importance  is  not  just  the  technical 
aata,  but  also  information  on  what  laboratories  are  dolna 
planning,  and  budgeting.  ""^"y. 

Znalght,  a  publication  of  the  NSF  Division  of  International 

P'^i»«'^"y  at  the  international 
Ts^i  «„ir^i*  ^^^^J'f  periodical  also  servos  to  dissealnate 
abroad  range  of  scientific  news  to  the  domestic  research 
S^S^*         countries  covered  range  from  the  European 

!°         participants  in  International  technological 

J^S^LT^,?^    T""  ''^^  Objective  la  to  cover  a 

^ectrim  frrah  policy  issues  to  specific  items  of  scientific 
^"  addition  to  insight,  the  Division  ot 
^J^®^  Programs  maintains  a  computor  buUetlu  board  on 
international  scientific  develoiKBents . 

STBIOE.  This  program.  Science  and  Technology  Raportina  and 
Infor»ation  Dissemination  Enh8ncenu,»nt  (STRIDE),  la  part  of  an 
^fence*Lf  r^i^K^*,^  »echanisr  u     th^  efficient  diss^inatfon  of 
science  and  technology  information  obtained  abroad  to  users  in 

4.f"    Pfivate  sector.  The  current  Foundation  activity  is 
In  conjunction  Kith  Departments  of  State  and  Commerce  (ntIS): 
^hii^L*f««  pro  \uclng  a  desktop-published  monthly 

publication  distributed  gratis,  containing  NSF  international 
staff -generated  reports. 

nata  tac^lvlng.  Another  innovation  in  information  transfer  was 
started  by  the  NSF  Division  of  Social  and  Economic  Science  (SES) 
a  policy  of  data  archiving  to  advance  the  social  sciences  by 
encouraging  data  sharing  among  researchers.  It  requires 
researchers  who  enjoy  NSF/SES  support  to  ccaamit  themselves  to 
placing  their  docynented  data  sets  in  a  data  archive  or  library 

expiration  of  the  award-  in  most  cases 
these  data  sets  will  be  archived  by  the  Inter-Unlversity 
Consortltwi  for  Political  and  Social  hesearch  {ICP<R)  at  the 
University  of  Michigan. 
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KSFKET.  Internet,  of  which  NSFnet  i-s  the  backbone.  Includes 
Industrial  as  well  as  university  users*  NSFnot,  with  ite 
tranj^aisslf^  rate  of  1.5  mlllicm  bits  per  seccmd,  Kas  concolved 
as  a  linkage  for  the  supercoaputer  cei«t«iir8«  Today,  it  serves  a 
much  broader  purpose,  n&Aely  as  a  higb-speei  information  traoafer 
mechanism  which  can  link  the  university  and  the  industrial 
research  communities. 


3,0  XKSTlTtlTlOIIIU.  VIEWS  OF  IfSF'S  TECmtOLOCSY  TRAWSrSH  ROI.E 

Xn  preparing  this  response,  the  Foundation  contacted 
institutions  concerned  with  technology  transfer  and  the 
application  of  new  technological  developments  In  our  society.  The 
interests  of  these  institutions  ranged  froia  the  acadaa4lo  to  the 
industrial;  a  complete  listing  is  in  Appendix  A  to  this  report. 
While  the  views  were  diverse,  all  of  the  Institutional 
representatives  contacted  expressed  the  belief  that  the 
Foundation  had  taken  positive  steps  to  frovide  for  **knowledgB 
transfer"  and  that  some  of  the    programs,  like  the  Engineering 
Research  Centers,  provided  additional  porson«^to*person  technology 
transfer  isechaniseis.  Xn  definitional  tersis,  each  of  these 
Institutional  representatives  had  a  different  view  of  technology 
transfer  and  of  the  Foxindatlon's  role  in  it. 

3^1  Technology  Transfer  Society* 

One  of  the  most^wide  ranging  of  these  discussions  was  with  the 
''Task  Force  on  National  Technology  Transfer  Policy"  of  the 
Technology  Transfer  Society*  This  group  emphasized  that  the 
National  Science  Foundation  maintains  a  vast  network  of 
researchers  and  has  access  to  a  large  store  of  research  output. 
It  urged  the  Foundaticui  to  initiate  a  progras  to  make  industry 
aware  of  NSF  research  activities  and  to  form  a  stronger 
connection  between  basic  research  and  industry.  This  would  enable 
industry  to  Judge  the  relevance  or  value  to  their  needs,  in 
addition,  this  group  said  that  the  Foundation  should  conduct 
research  on  the  technology  transfer  process  itself,  to  refine  the 
transfer  roechanisms  snd  thus  to  get  mre  **bang"  for  the  research 
buck.  This  research  would  focus  on  the  "science  of  converting 
technology  for  application*  and  on  training  in  the  management  of 
innovation.  Another  of  their  suggestions  called  on  NSF  to  rsqu.ir© 
the  grantee  to  publish  ''a  tutorial  on  the  industrial  potential'' 
of  the  ^'esearch,  something  similar  to  swb  of  the  publications  of 
the  Agricultural  Extension  Service •  In  summary,  the  Technology 
Transfer  Society's  Task  Force  believes  that  the  Foundation  should 
have  an  active  program  beyond  its  existing  activities « 

3.2     Inijustrial  ?^JBJr®?„?fl't§iiy£?:i 

Contacts  with  the  institution©  representing  specific  Industries, 
like  the  Electric  Power  Hesearch  Institute  (EPRl)  and  the 
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American  Electronics  Asaocietlon  (AEA),  /leltled  a  sc^het 
different  perspective  of  the  Foundation's  role  in  technology 
transfer,  eprI  has  a  meaorendum  o£  understanding  with  the 
FQundatl<xn  nrhlch  provides  for  Intorsatlon  flow  on  research 
activities  of  interest  to  electric  utilities.  AKA  is  also 
interested  m  obtaining  more  tnforwdtlon  for  its  aewbor  tirmr*  on 
research  which  pertains  to  electronics  and  waterlalo. 

All  of  these  explorations  with  institutional  representatives 
resulted  in  many  suggestions  for  the  Foundation  on  how  to  expand 
and  improve  its  technology  transfer  activities.  Some  of  these 
will  be  discussed  in  the  next  section.  v*.«a« 

4.0  HEW  POTEHTIAL  TECHHOLOGY  TRAWSrER  inrtXKTlWB 

The  technology  transfer  activities  of  the  Foundaticun  outlined  in 
Section  2  of  this  report  win  continue  xo  grow  and  improve.  In 
the  case  of  the  new  Science  and  Technology  Centers  their 
interactlOT  with  Industry  will  'ncrease,  as  will  the  knowledge 
rranafer^  as  more  of  these  centers  ere  funded.  Activities  in  the 
Engineering  Research  centers  and  the  Industry/University 
Coop^vatlvo  Centers  already  have  had  positive  iapact  in 
technology  transfer  and  this  will  continue  to  grow.  New 
^Ti'^i^i^w  lJi4  ^  considered  m  the  context  of  the  Foundation's 

^^°9et  restraint,  always  keeping  in  mind  thet  nsf  is  the 
?niL^!5^i  ^^l^^  ''^^     primary  islssion  m  basic  research?  as 
,V«I^fr^i^°.^^®'"  agencies  which  have  research  goals  more  in 
line  with  their  :>varall  mission. 

I^cfi^fJJ^^^^H V^^i?  representatives  and  groups 

concerned  with  technology  transfer  yielded  many  valuable 
euggestlons-  with  regard  to  these,  consideration  was  given  to  the 
reijuirement  to  restrain  budget  growth.  Many  suggestions 
emphasized  the  " person- to-person  contact"  in  new  technology 
^^S""  activities  at  the  Foundation,  Accordingly,  this  report 

Importance  of  "people*  as  part  of  the  process  ^ 
knowledge  transfer,  i.o*  the  highly  trained  researchers  and 
industrial  representatives  who  are  part  of  an  information 

^f?IIf5^L^ff^!f®:  H  "^""^  should  be  encouraged  and 

helpec  to  participate.  Similarly,  the  potential  budget  Impact  of 
foliow^?^^^    activity  calls  for  a  range  of  options  which 

^/j"  Knowledge ^ Transfer . 

The  least  costly  initiatives,  and  among  the  most  effective 
relat-5  to  the  improv  d  flow  of  knowledge  and  personal  contact 

i 2  options  have  letters  to  facilitate  identification  and 
referral,  not  to  indicate  priority- 
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among  university  and  industrial  researchers.  This  transfer 
process^  ithich  Is  included  in  the  programs  described  eariier*  can 
range  widely  In  cc^spXexity.  Becauee  the  Foundation's  programs 
described  In  Sjctlon  2  are  in  place  and  will  be  exf^ded^  there 
uLtl  be  a  cmia«]uent  enhance«er.t  of  knowledge  transfer.  With  the 
advent  of  »oro  "centers,*  there  will  be  greater  industrial 
coxieboration  and  people  interacti<m.  Theae  centers  infonm  the 
acad»d.c  research  process  of  the  research  goals  of  industry^ 
enhancing  the  emergence  of  new  prc^iucts.  The  trfl^nsfer  of 
Knowledge  inherent  in  the  research  process «  and  the  publication 
of  results,  stimulates  industrial  participation  in  the  university 
research  process  and  the  transfer  of  knowledge.  Further^  the 
prototype  smxDE  project  which  the  Foundation  is  starting  this 
year  will  bring  intert>ational  technical  data  to  users,  including 
industry,  via  a  desktop  monthly  newsletter. 

An  additional  facet  of  the  Foundaticm's  knowledge  transfer 
activity  is  the  Foundation's  senior  management  participation  in 
mora  interagency  advisory  panels  with  industrial  participation. 
S<m9  recent  ajcaapiea  of  these  i»nels  are  cited  in  the  Appendix. 
*»^tional  priorities  dictate  close  university  cooperation  with 
industry  m  such  areas  as  superconductivity ,  semiconductors,  and 
advanced  television  technology. 

4.2  Program  options. 

Option  A;  Visiting  Professorships  to  Industry.  One  of  the  often 
cited  mechanisms  for  technology  transfer  relys  on  the  widely- 
supported  view  that  "people"  are  the  real  transfer  agents.  This 
could  be  used  to  Justify  a  program  of  "visiting  professorships 
with  Industry  sharing  the  costs.  A  principal  inwstigator*  upon 
ccHnpleting  a  research  grant  which  appears  to  have  technology 
transfer  potential,  might  suboilt  a  proposal  for  a  tachnoiogy 
transfer  grant;  up  to  one  half  of  his  or  her  salary  would  stem 
from  the  grants  and  the  remainder  from  the  industrial  fin» 
seeking  to  exploit  the  newly  discovered  knowledgo.  Approximate 
budgetary  impact  for  fifty:  such  grants  per  year  would  be  about 
$2.5  million. 


Option  B:  Campus-Based  Research.  The  program  outlined  under 
section  114  of  the  National  science  Foundation  Authorlxation  Act 
of  1988 e  the  College  and  Uhl verslty  Innovation  Research  (COIR) 
program,  is  Intended  as  a  technology  transfer  program  from 
universltiea*   large  wd  small,  to  small  business  firms.  This 
program  will  be  explored  in  a  separate  report  to  the  Congress.*^ 


Report,  due  March  I,  1989,  from  Director  of  NSF  to  House 
and  Senate  Coimnittees,  as  required  under  Sec.  114  of  Public  Law 
100-570;  102  Stat  2870. 


14 


m 


the  tachnlquos  ot  toclinoltw  transfer  «iaht  offer  kI  I  f^?  f^. 
oon^ant  with  NSP  a  «is8lon  and  yield  potentially  practical: 


4.3  Active  Existing  Transfer  MechanlsiM. 
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Institutional  Contacts 


JloGrican  Electronics  Association 

£iectric  Fowar  Research  Institute 

National  Acad«oy  of  Science 
University/Industry /Government 
Houndtable 

Congressional  Research  Service 
Science  Policy 

American  Association  Cor  the 
Advancenant  of  Science 

Technology  Transfer  Society 


Richard  Iverson 
Gene  Mannella 

Donald  Phillips 

Chris  Hill 

Jaries  Rutherford 
A'  Teich 

Task  Force  on 
National  Techrology 
Transfer  Policy 


Interagency/ Industry  Advisory  Comreittees 

National  Advisory  Cosmitteo  on  Semiconductor  r&d 
National  Cos^ission  on  Superconductivity 
Competivonoss  Policy  Counsel 
Conmilttee  on  Advanced  Television  (Commerce) 
Industry/  Higher  Education  Counsel 
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NATIONAL  SOtNCf:  roUNt^ATlON 


Honorable  Robert  Hoe  MAR  2  0  S89 

Chairman 

Cojnmlttee  on  Sci»*nce.  spaco 

and  Technolfxiy 
House  of  ReprcBentotivt's 
tfafihington,  DC  20515 

Daar  Mr*  Chaiiman: 

In  the  report  acrompanying  H.R.  4418,    tho  NSF  Authorization  Act 
for  Fiscal  years  1989  and  1990.  the  Ccmmitt^^e  rcquestrc^  th.^t  NSF 
provide  a  report  indicating  the  policy  of  the.  individual 
^^ot      i      directorates  on  a3  lowing  tcs*>arch  grant:;  to  cov<>x 
reafL«f      J^"^  rj,9^ounl  networks,   and  to  review  the  succe.ss  of 
regional  networks  m  obtaining  operations^  support  once  Nsr 
withdraws  funding.  The  encJo^^ed  report  responds  to  thr 
Committee  s  information  request. 

Si nr#n  <?iy , 


Di  rrctor 

Enclosure:     nSF  Networking  Keport   to  Congress 
cc:  Honorable  Hobert  Walker 
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N5F  Not working  Report  to  Congrcnn 

X    r oduc t i  on 

This  report  responds  to  tho  House  Sciences,  Spflce  and  Tcchnoloriy 
Committee's  report  of  MBy  24,  1988  (H        4418),  which  roquc^sts 
that  NSF  provide  a  report  indicating  the  policy  of  tho  individual 
acientlfic  directorates  on  allowing  ronoarch  ?|rantc  to  cover 
coats  c»f  using  regional  nrtworkD,  and  reviewing  the  cjuccess  of 
regior«aX  networks  in  obtain:!  ng  operations  support  oncc^  NSF 
withdraws  funding. 

Policies  of  tho  Rore a r eh  D i r f^c tor « t en 

If  a  proposal  to  the  NSF  contained  a  line  item  for  networking 
charges,   it  would  be  treatnd  the  same?  0£?  any  requested  dirnct 
cost  in  a  profjonal  ond  evaluated  in  the  context  of  the  program  to 
which  it  was  Gubmittcd.  This  treatment  ir.  identical  to  that 
afforded  proposed  €?qulpmont  or  co^Dputing  coEtj?. 

Practicof;  among  campuses  are  by  no  means  uniform;  Rome  charge  for 
connecting  cor  tutcro/workntations  to  tho  campuB  network,  but  many 
do  not.     When  charges  are  f^ado,  those  for  the  campua  network 
Itoelf  and  those  to  defray  icviec  from  the  regional  (or,  "mid- 
level'")  network  connecting  the  campuy  to  th»?  NSFNET  Backbono  arc 
ot  disaggregated. 

Fl  nd  i  ng  _o  f  ^}  i  d  - 1  e  ve  1  Not  works 

NSF  uoes  not  have  cufficient  information  to  entimate  the  tiuccess 
of  Blid-level  networks  in  surviving  without  direct  NSF  support. 
The  program  is  nov  barely  three  years  old.  and  tho  startup  awards 
will  soon  terminate.  Two  mid-lev«l  notworkn  have  nearly  completed 
their  initial  grange;  it  ir>  clear  that  neither  is  fully  seli- 
rMfficiont  and  that  both  will  requirt-  an  additioncil  round  of 
funding.     As  other  startup  awards  run  out,  the  investigators* 
final  reports  and  thair  requests  for  continued  funding  will  allow 
NSF  to  assess  their  succes&  in  obtaining  other  iundlng. 

Continued  funding  for  mid-lev«ji  notworko  will  include: 

*  assisting  tnc  startup  of  now  mid-iovol  networks, 

*  supporting  new  institutional  connt^ctions  to  ©listing  mid- 
level  networks,  and 

*  funding  new  ni^twork-based  cc^rvicer. . 

Support  of  mid- level  networks  will  continue  to  advance  network 
capability  conunensurate  with  scheduled  improvements  in  the  NSFNET 
Backbone  network,  and  t^  continue  efforts  to  introduce  at  least 
basic  networking  serviceii  to  under-served  inBiitutions  and 
communities , 

NSF  policy  is  to  reduce  the  level  of  funding  over  time. 
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